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ABSTRACT 
 
 
The Washington Department of Fisheries (WDF) annually estimates the number of salmon 
harvested by the marine recreational fishery in Puget Sound using the Salmon Punch Card 
System (SPCS).  Anglers fishing for salmon are required to have a state-issued catch record and 
to record the date and location of any salmon that they harvest during a calendar year.  A random 
sample of all punch cards issued is used to estimate the salmon harvest.  WDF and the twenty 
Treaty Tribes of Western Washington conducted a joint four-year study to assess the accuracy of 
the estimates from the SPCS.  This study used access-site creel surveys to estimate salmon 
harvest independently of the SPCS. 
 
The creel surveys estimated the number of salmon harvested by the sport fishery in a catch area 
during a one-month period.  Sixteen of these area-month cells were sampled during each year of 
the study providing a total of 64 estimates of punch card bias.  Each of the nine catch areas in 
Puget Sound was surveyed four to nine times during the study.  Bias estimates for the 64 area-
month cells surveyed ranged from 0.34 to 11.41, but most of the extremes (the low and high 
estimates of bias) occurred in cells with very small harvests.  Therefore, for the final estimates of 
bias only area-month cells with estimated harvests of 500 or more salmon were used.  A major 
assumption of the study was that the creel survey provided unbiased estimates of the salmon 
harvest by the sport fishery. 
 
Estimates of bias for Area 05 were significantly different from the estimates for Areas 06 
through 13 combined, but no significant differences were found within Areas 06 through 13.  
There were no significant differences in bias between seasons, summer and winter, or among 
years.  Therefore, the data from all four years of the study were combined to estimate bias 
adjustment factors for two geographic strata: (1) Area 05 and (2) Areas 06-13 combined.  The 
biases estimated for these two strata were 0.99 and 1.46, respectively. 
 
This bias has two probable sources: (1) non-response bias and (2) recall error bias.  We 
recommend that the Salmon Punch Card System continue to be used to estimate the number of 
salmon harvested by the marine recreational fishery in Puget Sound, but the return rate of 
in-sample punch cards must be increased to a minimum of 70% to provide acceptable estimates 
which require no bias adjustment.  WDF should investigate methods of increasing the response 
rate through: improvements in data control; increased information and education efforts; and, if 
necessary, by instituting angler incentives.  We project that with a 70% minimum response rate 
and supplementary surveys, the Salmon Punch Card System would supply harvest estimates with 
10% or less bias.  Once this goal has been reached and verified, neither bias adjustment to the 
harvest estimates nor creel surveys for estimating bias would be necessary. 
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INTRODUCTION 
 
The Sport Catch Estimation Study was a cooperative effort by the Washington Department of 
Fisheries (WDF) and the twenty Treaty Tribes of Western Washington to assess the accuracy of 
the estimates of the number of salmon harvested by the sport fishery in the marine waters of 
Puget Sound.  Since 1964, the Salmon Punch Card System (SPCS) has been used to estimate the 
salmon harvest by the sport fishery in Puget Sound marine waters.  The objective of this study 
was to obtain independent harvest estimates using access-site creel surveys which could be 
compared to the estimates of salmon harvest from the SPCS to determine if there was bias 
(systematic over- or under- estimation of the harvest) in the estimates. 
 
Preliminary field work was conducted in 1985 and 1986.  This was followed by a four-year study 
from 1987 through 1990.  Reports documenting the data collected, analyses, and results for each 
year of the study have been produced (WDF et al. 1989; 1990; 1992a; 1992b).  The objective of 
this report is to:  
 

1. Document the methods used and the harvest estimates for the Salmon Punch Card 
System and the creel surveys; 

 
2. Document the methods used to estimate the relative bias of the harvest estimates from the 

Salmon Punch Card System; 
 

3. Provide recommendations for estimating the number of salmon harvested by the sport 
fishery in Puget Sound marine waters for future years; and 

 
4. Provide recommendations for establishing and documenting the historical data base for 

the salmon harvest by the sport fishery. 
 
 
History of the Salmon Punch Card System 
 
WDF began the Salmon Punch Card System in 1964.  The basic design, data collection, and 
analysis methods of the original system (Paulik 1963) are still used with minor modifications.  
By regulation, all anglers must record on a card each salmon harvested, as well as the date and 
location of harvest.  This record must be made at the time of harvest and, at the end of the 
calendar year, the card is to be returned to WDF.  Originally this record was made by punching a 
hole in a card for each salmon harvested; the harvest record is still commonly referred to as a 
punch card although holes are no longer made in the card. 
 
Since 1964, an average of 490 thousand punch cards have been issued annually to anglers in 
Washington State.  A random sample of the punch cards issued during the calendar year is used 
to estimate the total number of salmon harvested by the sport fishery.  Four percent of the punch 
cards issued each year are selected for the random sample.  These are referred to as in-sample 
cards.  During the last fifteen years, however, only 46% to 66% of these in-sample harvest 
records have been returned to WDF annually. 
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The SPCS was originally used to estimate the total salmon harvest throughout the state.  
Currently, it is not used to estimate the salmon harvest off Washington’s ocean coast (areas 01, 
02, 03, and 04) and in some portions of the Columbia River.  These estimates are made with 
creel surveys.  Puget Sound is divided into nine major harvest recording areas (catch areas), 
statistical Areas 05 through 13 (Figure 1), and salmon harvest estimates are made for each of 
these areas by month. 
 
In the early 1980s several analyses addressed potential biases in the harvest estimates from the 
Salmon Punch Card System (de Libero 1982; Fraidenburg and Bargmann 1982).  Two possible 
sources of bias common to sample surveys exist in the SPCS, non-response bias and recall error 
bias (Jessen 1978).  Non-response bias occurs when an incomplete sample is returned.  The 
harvest estimate is made using harvest records that are returned to WDF.  If the average harvest 
per card is different between the returned sample and those harvest records not returned, the 
estimate of total harvest will be biased.  De Libero (1982) concluded that the harvest was being 
over-estimated due to non-response, possibly because anglers harvesting one or more salmon 
were more likely to return their punch cards than anglers who had not harvested a salmon.  The 
second source of possible bias, recall error, occurs when recording harvest on reminder letters.  
Reminder letters are sent to anglers who hold in-sample cards but who have not returned their 
punch cards.  Since a record of harvest returned on a reminder letter is made some time after 
fishing (unlike the record on the punch card which, by law, is to be completed upon harvesting a 
salmon) the angler may not recall the details correctly and the observed average harvest per 
reminder letter may be different from the actual average for the original punch cards.  Eames 
(1983) suggested that this type of error contributed to an under-estimate of the salmon harvest. 
 
Beginning in 1981, the harvest estimates from the SPCS were reduced by a factor of 1.20, i.e., 
the harvest estimates from the in-sample punch cards were divided by 1.20 which reduced the 
estimates of harvest by about 17%.  The 1.20 adjustment factor was an estimate of non-response 
bias made by de Libero (1982).  This bias adjustment was applied to the harvest estimates for the 
years 1981 through 1986.  Beginning in 1987, the harvest estimates from the SPCS were 
adjusted by estimates of average bias made from the independent estimates of harvests described 
in this report. 
 
 
History of the Sport Catch Estimation Study 
 
The goal of the Sport Catch Estimation Study was to obtain accurate estimates of salmon harvest 
which could be compared to the estimates from the Salmon Punch Card System and used to 
quantify bias.  Specifically: 
 

1. The study was designed to assess the accuracy of the salmon harvest estimates from the 
SPCS and determine whether there was bias present.  It was not designed to estimate the 
total salmon harvest by the marine sport fishery in Puget Sound independently of the 
SPCS. 
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Figure 1. Map of the Puget Sound region showing the statistical areas (catch areas) defined by 

the Washington Department of Fisheries. 
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2. The study addressed bias in the estimates of salmon harvest by the sport fishery in Puget 
Sound marine waters, WDF catch areas 05 through 13.  It did not address the estimates 
of salmon harvest by sport fisheries in freshwater areas. 

 
3. The study addressed bias caused primarily by non-response and recall error.  It was not 

designed to address any bias caused by illegal harvests (i.e., an angler not recording 
harvest on a punch card). 

 
Two years of preliminary field work were carried out to determine the best method for 
estimating the harvest by the sport fishery. 
 
1985 Field Study: 
 
The primary objective during 1985 was to evaluate four different methods of estimating the 
number of salmon harvested by the sport fishery in Puget Sound and to determine which 
method or methods provided the most cost-efficient, precise, and unbiased estimates.  Sampling 
was conducted in Area 11 during June and July and in Area 05 during August and September.  
The four creel survey methods evaluated were: 
 

1. mark/recapture of salmon harvested (M/R estimate); 
 

2. mark/recapture of boats fishing using on-the-water surveys (WATER estimate); 
 

3. mark/recapture of boats fishing using aerial flight surveys (AIR estimate); and 
 

4. exit surveys of anglers at selected access sites to the fishery (SHORE estimate). 
 
Each creel survey method is briefly described below.  The procedures are those used to estimate 
the total salmon harvest in a catch area for a sample day.  Detailed descriptions of the methods 
and exact estimation procedures are provided in Newman and Reidinger (1986). 
 
M/R Estimate.  Boat-based samplers surveyed the catch area by systematically sampling boats 
actively engaged in sport fishing and determined the number of salmon in possession at the time 
of the interview (the mark sample).  Boat identification numbers and number of salmon 
harvested were recorded for each boat sampled.  Shore-based samplers, stationed at randomly 
selected access sites, sampled anglers exiting the fishery and recorded boat identification 
numbers and number of salmon in possession (the recovery sample).  By matching boat identi-
fication numbers from the two samples (on-the-water and access-site samples), the number of 
recoveries (salmon observed in both on-the-water and access-site samples) could be determined.  
These data were then used to estimate the number of salmon harvested from the catch area on 
the sample day with Chapman’s modification of the Petersen estimator (Seber 1982). 
 
WATER Estimate.  Boat-based samplers surveyed the catch area by systematically recording 
the identification numbers of boats actively engaged in fishing (the mark sample).  Shore-based 
samplers, stationed at randomly selected access sites, recorded identification numbers of all 
boats landing at the site which had been sport fishing (the recovery sample).  By matching boat 
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identification numbers from the two samples (on-the-water and access-site samples), the 
number of recoveries (boats observed in both on-the-water and access-site samples) could be 
determined.  These data were then used to estimate the number of boat-trips of fishing effort 
with Chapman’s modification of the Petersen estimator.  The estimated number of boat-trips 
was then multiplied by a Horvitz-Thomson estimate (Brewer and Hanif 1983) of harvest-per-
boat (from the shore-based sample data) to estimate the number of salmon harvested from the 
catch area on the sample day. 
 
AIR Estimate.  One to four aerial survey flights were conducted over the catch area each sample 
day and the number of boats actively sport fishing were counted during each survey.  The 
number of unique counts (marks) was determined by summing the counts and then removing 
the estimated number of boats counted during more than one flight (determined from the shore-
based sample data).  Shore-based samplers, stationed at randomly selected access sites, counted 
the number of sport fishing boats landing at the site and, through interviews, determined 
whether the boat was fishing during any of the survey flights (the recoveries).  The adjusted 
number of marks, the recoveries, and the total number of boats sampled at the access sites were 
used to estimate the number of boat-trips of effort with Chapman’s modification of the Petersen 
estimator.  The estimated number of boat-trips was then multiplied by a Horvitz-Thomson 
estimate of harvest-per-boat (from the shore-based sample data) to estimate the number of 
salmon harvested from the catch area on the sample day.  
 
SHORE Estimate.  A sample frame of all possible access sites to the catch area was compiled.  
Relative weights, from on-the-water estimates of the amount of fishing effort from each site 
relative to total effort in the area, were assigned to the sites.  Two to four sites were selected for 
sampling with a variable probability selection procedure based on the weights.  Sampling at 
each selected access site was conducted during all daylight hours.  Samplers recorded the total 
number of salmon landed at the site that had been harvested in the targeted catch area.  The total 
number of salmon harvested in the catch area on the sample day was estimated with the 
Horvitz-Thomson estimator. 
 
Five potential problems with data collection, data recording, and site selection were identified 
during these initial surveys (Newman and Reidinger 1986). 
 

1. The accurate collection of boat identification numbers affected two of the four 
procedures (M/R and WATER).  Some boats did not have identification numbers or had 
different numbers on each side of the boat.  Errors when recording boat identification 
numbers because of transcription errors or difficulty in seeing the numbers were a 
problem. 

 
2. It was difficult to compile a complete list of the access sites to a catch area.  The number 

of sites used to access the catch areas sampled was larger than originally expected.  For 
example, Area 11 was originally thought to have 35 access sites but found to have at 
least 50 sites from the on-the-water sample data.  Due to the inaccessibility of some sites 
within a catch area, and sites located far outside the catch area, it was not possible 
logistically to sample all sites in the sample frame.  This affected only the SHORE 
procedure.  



 6 

 
3. There were discrepancies between the numbers of salmon observed on some boats 

during on-the-water surveys and the number of salmon observed later during access-site 
surveys.  Specifically, the number of salmon marked on some boats during on-the-water 
sampling exceeded the number of salmon sampled at the access site.  Possible 
explanations for these “missing” fish could be mis-recording of boat identification 
numbers, mis-recording or mis-counting the number of salmon by the survey samplers, 
or anglers either throwing salmon back after the fish had been “marked” or hiding 
the fish from the samplers at the access sites.  This affected all four procedures to a 
varying extent. 

 
4. The variable probability selection procedure used for the Horvitz-Thomson estimator 

(Brewer’s procedure) resulted in sites with large relative weights always being included 
in the sample.  This affected only the SHORE procedure. 

 
5. During extremely busy periods, shore-based samplers were not able to sample all boats 

landing at some access sites.  This affected only the SHORE procedure. 
 
The relative efficiencies1 of the four different creel survey procedures used in 1985 were 
compared.  Ignoring bias considerations, it was concluded that the SHORE estimator was 
optimal for Area 11 and the AIR estimator optimal for Area 05.  The WATER estimator had the 
lowest relative efficiency in both catch areas sampled in 1985. 
 
1986 Field Study: 
 
Based upon the results of the 1985 study, an expanded sampling program was designed and 
conducted in 1986.  Only three of the four survey methods used in 1985 were evaluated in 1986, 
the M/R, AIR, and SHORE procedures.  The WATER estimator was not continued because of 
its general poor performance in 1985 and it had a superset of all the problems found with the 
other estimators while offering no distinct advantages (Newman 1987).  The primary objective 
of the 1986 studies was to further evaluate the remaining three methods.  Modifications were 
made to minimize the problems associated with each method that had been identified during the 
1985 study.  Eight area-month combinations were sampled in 1986.  Sampling was conducted 
in: Area 11 in August; Areas 05 and 10 in September; Areas 07, 08, and, 09 in October; Area 13 
in November; and Area 11 in December (Newman 1987). 
 
The survey procedures used were essentially the same as those described for the 1985 study.  
Because of the problems with correctly identifying and recording boat identification numbers, 
both on-the-water and shore-based samplers were instructed to carefully identify and record 
boat identification numbers.  There were two other minor differences in procedures. 
 

                                                
1 Relative efficiency was defined as the inverse of the product of the coefficient of variation of the harvest estimate 
and the cost of the survey method. 
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1. For the AIR procedure, only two aerial flights were conducted each sample day instead 
of the four flights conducted in 1985; and 

 
2. For the SHORE procedure, access sites to sample were selected with the natural 

selection method (Brewer and Hanif 1983) instead of Brewer’s selection procedure.  
This addressed the problem of “always-sampled” access sites identified in 1985.  Also, 
an unequal probability estimator developed by Murthy (Murthy 1957) was used to 
estimate the total salmon harvest instead of the Horvitz-Thomson estimator. 

 
Major problems, in addition to those identified in 1985, were found with the M/R and AIR 
methods during the 1986 field study.  For the M/R method, when fishing effort was low or few 
salmon were being caught it was difficult to mark enough fish to ensure that a minimum of 
seven salmon were “recaptured” at the sampled access sites.  Seven recaptures is the minimum 
number recommended by Robson and Regier (1964) to minimize bias of Petersen mark-
recapture estimates.  Sufficient recaptures (seven or more) were obtained for adequate estimates 
of salmon harvest on only 18 of the 39 days sampled using the M/R method.  Also, despite 
efforts to minimize data recording errors of boat identification numbers, these errors remained a 
problem with the M/R method in 1986. 
 
The major problem with the AIR method in 1986 was the influence of weather conditions on 
the ability to conduct the survey flights.  Many flights were canceled because of fog during 
October, November, and December.  A secondary problem, similar to the M/R method, was the 
difficulty in obtaining a minimum of seven boat “recaptures” during days of low fishing effort.  
Sufficient recaptures were obtained for adequate estimates of fishing effort on only 43 of the 70 
days sampled using the AIR method. 
 
No problems, other than those identified in 1985, were found with the SHORE method in 1986.  
There was evidence of the “missing” fish problem seen in 1985 but the potential bias from this 
problem was relatively small (0% to -5%). 
 
Based upon the 1986 field study, the SHORE method was selected as the preferred creel survey 
procedure for estimating the number of salmon harvested by the marine sport fishery in Puget 
Sound.  As a result, a cooperative four-year creel survey program involving the Washington 
Department of Fisheries and the Treaty Tribes of Western Washington was begun in Puget 
Sound in 1987.   
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CREEL SURVEY ESTIMATES OF SALMON HARVEST 
 
Methods 
 
During each year of the study (1987 - 1990), 16 of the 108 area-month cells possible 
(9 statistical areas by 12 statistical months2) during a calendar year were sampled.  The area-
month cells sampled each year were subjectively selected so that there was broad geographic 
coverage of Puget Sound and samples in both the summer (June through September) and winter 
(October through May) seasons.  The logistics of field sampling and travel also influenced the 
selection process.  For example, Area 07 was relatively expensive and logistically difficult to 
sample because many of the access sites to this area are spread throughout the San Juan Islands.  
Therefore, in 1989 and 1990, the number of days sampled during the month was doubled in 
Area 07 and essentially two surveys were conducted concurrently.  This provided two separate 
estimates of salmon harvest for these area-month cells. 
 
Creel Survey Design and Data Collection: 
 
Each statistical month sampled was stratified into weekday and weekend/holiday days.  Four or 
five weekday days and four or five weekend days were randomly selected without replacement 
for sampling.  A sample frame of the boat launching/landing sites used by anglers to access an 
area was constructed for each WDF catch area.  The sample frame included access sites that 
were located in the catch area and sites outside the catch area that were used by anglers to 
access the targeted area. 
 
Four access sites were usually sampled each sample day.  Sites were selected without 
replacement with probability proportional to the size measure assigned to each site.  The size 
measure of site i was an estimate of the proportion of the fishing effort from that site relative to 
the total effort in the area being sampled.  The derivation of site size measures is described 
below.  The natural selection method (Brewer and Hanif 1983) was used to select the sites to 
sample.  Some sites in some sample frames could not be sampled: private sites to which 
samplers were not allowed access; sites far outside the catch area; sites that were physically 
very large, but where few if any sport fishing boats landed; and two sites that were considered 
unsafe for the samplers.  These are referred to as never-sampled sites for the remainder of the 
report.  If a never-sampled access site was selected, the selection process for the next site was 
repeated until an accessible site was selected. 
 
On a sample day, each access site selected was surveyed from 0700 till 2200 or dark (whichever 
came first).  Creel survey samplers attempted to interview each sport fishing boat that landed at 
a site during the sample period.  The information recorded during each boat interview was:  
access site, date, time sampled, catch area(s) where anglers fished, fishing method, target 
species, number of anglers in the boat, time fishing began, time fishing ended, number of 

                                                
2 WDF defines a statistical month by dividing the year into 12 months with the following number of statistical 
weeks per month: 5, 4, 4, 5, 4, 4, 5, 4, 4, 5, 4, 5.  Each week begins on a Monday. 
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chinook salmon in possession, number of coho salmon in possession, and number of other 
salmon species in possession.  
 
Access Site Size Measures: 
 
The best site size measure for estimating an area’s salmon harvest is the proportion of the total 
harvest from an area landed by the sport fishery at a site.  If all size measures for sampled sites 
were equal to this proportion on each day sampled then the variance of the estimated harvest 
would be zero (Jessen 1978).  In practice, a second more easily measured variable related to the 
variable being estimated is often used to calculate measures of size.  
 
For the Sport Catch Estimation Study, average effort (number of boats per day) was used to 
estimate the measures of size.  The size measures were developed during the preliminary work 
(1985 and 1986) and updated during the four-year study (Hino 1990).  Three sources of data 
were used to calculate the initial measures of size: previous creel surveys; on-the-water boat 
surveys; and a priori information provided by persons with extensive knowledge on the sport 
fishery in Puget Sound.  The last source was usually used when an area was being sampled for 
the first time, this was superseded by size measures calculated from data gathered during boat 
surveys and creel surveys once they were available.   
 
Site size measures were updated weekly or monthly during the preliminary years of the study 
(1985 and 1986) and annually during the four-year study.  Size measures were updated by 
averaging the previous period’s measures of size and the current period’s calculated proportion 
of total effort from each site derived from the boat or creel surveys (Hino 1990). 
 
Boat Surveys: 
 
Boat surveys were conducted in one or more of the catch areas during each year of the study.  
The entire statistical area was surveyed and all boats observed fishing were contacted and the 
launching/landing site determined.  The proportion of boats fishing in the area that used each 
access site could then be calculated.  To estimate the measures of size, all daily surveys within a 
month were combined and the proportion by access site calculated for each area.  
 
Point and Variance Estimates:  
 
An unequal probability estimator appropriate when sampling without replacement was used to 
estimate total harvest on sample day t (Murthy 1957).  The estimate of harvest (H) for sample 
day t is: 

)s(p

h)i|s(p
Ĥ

n

i
it

t

∑
= =1                                                           [1] 

 
where p(s|i) = the conditional probability of choosing the set (s) of n access sites selected 

for sampling given that site i is drawn first, 
p(s) = the unconditional probability of choosing the set of n access sites 

selected, and 
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hit = the number of salmon harvested from the targeted catch area by anglers 
exiting the fishery at site i on day t. 

 
The estimate of variance for tĤ  is (Cochran 1977, p. 265): 
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where p(si,j) = the conditional probability of choosing the set of sites selected given that sites 

i and j are selected (in either order) in the first two draws, and 
zi, zj = the size measures for sites i and j, respectively. 

 
Examples of the calculations required for the point and variance estimates of tĤ , including 

calculations of the conditional and unconditional probabilities, are given in Appendix A of the 
1988 progress report (WDF et al. 1990). 
 
The estimate of salmon harvest for catch area a during month m is the sum of the stratified 
estimates of harvest for the weekday (WD) and weekend (WE) days in that month: 
 

WEWEWDWDam HDHDĤ +=                                                     [3] 
 
where D is the number of days (WD or WE) during month m and H  is the estimated mean 
harvest of salmon per day in area a during month m for a day-type (WD or WE).  The variance 

of amĤ  was estimated with a two-stage variance formula; the first component of variance is the 

variation among sample days and the second component of variance is the variation within 
sample days (Cochran 1977): 
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where the between-day variance is: 
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and the subscript k refers to a day-type (either WD or WE) and dk is the number of days of a 
type sampled during the month. 
 
The coefficient of variation (CV) of each estimate is reported as a measure of the relative 
precision of the estimate.  When expressed as a percentage of the estimate, the coefficient of 
variation is defined as: 
 

%.
X̂ of Estimate

X̂ of Deviation Standard
)X̂(VĈ 100








=                                     [6] 

 
 
Assumptions and Sources of Bias: 
 
The major assumptions for the creel survey estimates are: 
 

1. The sample frame for each area is complete; all sites where harvest is landed are 
represented in the size measure site list. 

 
2. All anglers exiting a sampled access site are interviewed and all anglers accurately 

report their salmon harvest and area of fishing. 
 

3. The days sampled are representative of the unsampled days during the month. 
 

4. The size measure for each access site is proportional to the number of salmon landed at 
the site that were harvested in the targeted catch area. 

 
5. Size measures for never-sampled sites (i.e., private access sites, etc.) are accurate. 

 
Three potential sources of bias for the access-site method of estimating the salmon harvest were 
identified during the 1985 and 1986 field studies: (1) incomplete sample frames; (2) “missing” 
fish; and (3) errors in the measures of size assigned to the access sites in a sample frame.  These 
potential biases were present during the study years (1987 - 1990), also. 
 
Incomplete Sample Frames.  It is assumed that the sample frame for each catch area includes all 
boat launching/landing sites used by anglers to access that area.  Incomplete sample frames are 
the most probable source of bias for the creel survey estimates.  With few exceptions, the sites 
in each area’s sample frame remained the same throughout the four-year study.  On-the-water 
surveys, which provide the best source of data to evaluate the completeness of the sample 
frames, were conducted during the study.  An incomplete sample frame causes a negative bias 
(an under-estimate) in the estimated number of salmon harvested from the sample area.  
 
Missing Fish.  The “missing” fish problem documented during the 1985 and 1986 surveys was 
present during the four-year study.  However, it was considered to be a relatively minor source 
of bias and data were not collected to assess this problem during the study. 
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Errors in Size Measures.  Another assumption of the creel survey is that each site’s size measure 
is proportional to the salmon harvest in the sample area from that site when compared to other 
access sites in the area’s sample frame.  This assumption could be examined by comparing, for 
each sample day, the salmon harvest at sampled sites, size measures, and an estimate of the 
salmon harvest in the catch area.  Both Newman (1987) and WDF et al. (1990) present data 
indicating that occasionally the relationship between size measure and salmon harvest was very 
weak for some area-month cells sampled.  The greatest effect of errors in the size measures 
(assuming other assumptions are met) is on the precision of the estimates.  As the accuracy of 
the size measures improves so does the precision of the harvest estimates (the variance of the 
estimates decreases).   
 
Effects of Size Measure Errors: 
 
In the 1988 progress report for this study (WDF et al. 1990), a computer simulation model was 
used to examine the sensitivity of the harvest estimates for an area-month cell to errors in the 
access-site size measures.  An extensive set of simulations was conducted to examine a large 
variety of different errors in the size measures.  For this report, that model was used to conduct 
six basic simulations that summarize the results of the more extensive set of simulations 
conducted previously. 
 
The computer simulation model is described in detail in Appendix B of the 1988 report (WDF 
et al. 1990).  Briefly, the model stochastically generates the number of salmon landed at each 
access site for each day in a 30-day month.  The number of salmon landed at a site is 
determined by the site’s size measure and a specified total harvest from the catch area for a 
month.  The number of sites to sample on each sample day and the number of days to sample in 
the month are specified by the user.  The creel survey sampling procedure (except for the 
weekday and weekend/holiday stratification) is simulated using the “correct” size measures to 
randomly select access sites with probability proportional to their size measure on each 
randomly selected sample day.  Murthy estimates of harvest on each sample day are calculated 
using the correct size measures.  The mean harvest for the days sampled is used to estimate the 
total harvest for the month.  The sampling procedure is then repeated using a specified set of 
“in-error” size measures and new estimates are computed.  Each sampling procedure (one with 
correct and one with “in-error” size measures) is repeated 500 times and the monthly estimates 
of harvest are compared to the known total harvest for the month. 
 
A size measure sample frame for a hypothetical area was constructed.  There were 20 access 
sites in the sample frame.  All simulations were run with a harvest of about 10,000 salmon for 
the month and a creel survey conducted on eight days of the month with four access sites 
sampled per day.  The mean percentage difference between the point estimates and the known 
harvest and the mean standard error of the estimates for the 500 trials were used to compare the 
estimates from the correct size measures to the estimates from the “in-error” size measures.  A 
frequency histogram was used to compare the distribution of the differences between the 
harvest estimates and the actual harvest for both sets of estimates. 
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The first three simulations examined the effects of general error in the size measures for the 
access sites in an area’s sample frame.  For simulation: 
 

#1. The size measures of ten of the twenty sites were over-estimated by 0.03 and the 
size measures of the remaining ten sites under-estimated by 0.03. 

 
#2. Four sites with actual size measures of 0.15 were estimated to be 0.20 (each was 

over-estimated by 0.05).  The size measures for the remaining 16 sites were all 
under-estimated by 0.0125. 

 
#3. Four sites with actual size measures of 0.15 were estimated to be 0.10 (each was 

under-estimated by 0.05).  The size measures for the remaining 16 sites were all 
over-estimated by 0.0125. 

 
Simulations #4 through #6 examined the effects of errors in the size measures of sites that are in 
an area’s sample frame but are never sampled (such as the private access sites).  The model 
described previously was modified slightly for these simulations by excluding one access site 
from the sampling process.  Before beginning the sample site selection process, the size 
measures of the other sites in the sample frame were adjusted to account for removal of the 
never-sampled site from the frame.  This is the same procedure used by the actual sampling 
process after one site has been selected for sampling.  Errors in the size measure of the never-
sampled access site of +0.05 (simulation #4), -0.10 (simulation #5), and +0.15 (simulation #6) 
were examined.  The error in the size measure of the never-sampled site was evenly distributed 
to the remaining 19 sites in the sample frame. 
 
 
Results 
 
Creel survey estimates of the number of salmon harvested for the 64 area-month cells sampled 
during the four years of the study range from 36 salmon in Area 12 during May 1988 to 64,004 
salmon in Area 05 during September 1989 (Table 1).  Coefficients of variation of the creel 
survey estimates ranged from 5% to 67%.  The estimates for Areas 05 and 11 had the smallest 
mean CVs, 13% and 14%, respectively.  The estimates for Areas 07 and 12 had the largest 
mean CVs, 37% and 48%.  Generally, area-month cells with the largest harvest estimates had 
smaller CVs and area-month cells with the smallest harvest estimates had some of the larger 
CVs (Figure 2).  There is a significant relationship (r = -0.40 and Spearman’s ρ = -0.59, both 
significant at P ≤ 0.01) between the size of the harvest estimate and its precision. 
 
Detailed summaries of the number of salmon reported by anglers at each access site sampled, 
number of sport fishing boats contacted, and number of anglers counted are presented for each 
sample day, by statistical area and statistical month, in appendices to the 1987 - 1990 annual 
reports (WDF et al.  1989; 1990; 1992a; 1992b). 
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Table 1. Summary of creel survey estimates of the number of salmon harvested by the 
marine sport fishery in Puget Sound for areas and months sampled in 1987, 1988, 
1989, and 1990.    

 
Area 

Month-Year 
Sampled 

Creel 
Survey 

Estimate 

Estimated 
Standard 

Error 

Coefficient 
                    of 

Variation 

        AREA 05 

July-1988  21,395 1,987  9.3% 
July-1990  30,104 4,424 14.7% 

August-1989  44,782 4,929 11.0% 
September-1987  52,342 8,221 15.7% 
September-1988  31,489 7,210 22.9% 
September-1989  64,004 3,303  5.2% 

        AREA 06 

April-1989   1,530 905 59.2% 
July-1987  13,180 1,827 13.9% 
July-1988  11,536 2,127 18.4% 
July-1990  12,799 1,259  9.8% 

August-1989  12,138 1,675 13.8% 
September-1987  22,080 5,091 23.1% 
September-1988  13,981 4,471 32.0% 
September-1989  21,889 3,245 14.8% 

October-1987   9,483 2,501 26.4% 
December-1989     807 353 43.8% 

        AREA 07 

June-1987   1,111 638 57.4% 
June-1989   1,789 476 26.6% 
June-1989   1,091 226 20.7% 

August-1990   1,941 356 18.3% 
August-1990   1,986 687 34.6% 

October-1987   1,997 577 28.9% 
October-1988   3,847 1,890 49.1% 
October-1990   1,736 714 41.1% 

November-1988   1,180 686 58.1% 

        AREA 08 

May-1989     972 233 24.0% 
June-1987   1,829 358 19.6% 
June-1988   1,267 254 20.1% 
July-1990   2,747 612 22.3% 

August-1988   3,862 501 13.0% 
August-1989  11,706 2,881 24.6% 

October-1987   2,781 809 29.1% 
October-1990     688 146 21.2% 

 
- continued - 
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Table 1. Summary of creel survey estimates of the number of salmon harvested by the 
marine sport fishery in Puget Sound for areas and months sampled in 1987, 1988, 
1989, and 1990 (continued).    

 
Area 

Month-Year 
Sampled 

Creel 
Survey 

Estimate 

Estimated 
Standard 

Error 

Coefficient 
                   of 

Variation 

        AREA 09 

January-1990   1,101 342 31.1% 
May-1988   1,213 304 25.1% 
May-1989   3,668 1,117 30.5% 
July-1990  12,429 1,731 13.9% 

August-1989  11,298 1,068 9.5% 
September-1987  21,614 6,143 28.4% 

October-1988   7,347 2,027 27.6% 

        AREA 10 

April-1989 749 162 21.6% 
June-1988   1,805 305 16.9% 
July-1988   2,279 299 13.1% 

August-1990   7,198 1,100 15.3% 
September-1987   5,726 1,164 20.3% 
September-1990 12,935 2,703 20.9% 
November-1987     631 203 32.2% 

        AREA 11 

January-1990   1,054 138 13.1% 
February-1990   1,496 415 27.7% 

July-1988   4,040 517 12.8% 
July-1989   3,470 278 8.0% 

August-1987   3,724 487 13.1% 
August-1988   2,445 148 6.0% 
August-1990   5,243 870 16.6% 

        AREA 12 

May-1988      36 19 52.1% 
August-1987     387 134 34.7% 

September-1990 99 32 32.3% 
October-1987     115 51 44.4% 

November-1988     186 113 60.7% 
December-1989      56 37 66.9% 

        AREA 13 

February-1990     561 158 28.1% 
July-1987   3,519 757 21.5% 
July-1989     646 175 27.1% 

November-1987     156 57 36.3% 
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Figure 2. Coefficient of variation of creel survey estimates of the number of salmon 

harvested versus the harvest estimates in sampled area-month cells, 1987 - 1990, 
labeled by WDF Statistical Area.  A.  All data.   B.  Harvest estimates less than 
5,000 fish only. 
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Effects of Size Measure Errors: 
 
Simulations #1, #2, and #3 show that the greatest effect of “in-error” size measures is on the 
standard error of the harvest estimates.  The mean standard errors of the estimates from “in-
error” size measures were 18% to 83% greater than the standard errors from the correct size 
measures (Table 2).  There is no bias apparent in the harvest estimates from either the correct or 
“in-error” size measures (the mean of the differences between the actual total harvest for the 
month and the estimated total harvest for the month is near zero).  The distributions of the 
differences between the estimates and the actual harvest are all symmetrical near zero 
(Figure 3).  The larger standard error of the “in-error” estimates is reflected by a broader 
distribution for the differences between the estimates from “in-error” size measures compared to 
the differences between the estimates from correct size measures. 
 
The results of the simulations which examined the effects of errors in the size measure of an 
access site that is never sampled (simulations #4, #5, and #6) are summarized in Table 2.  The 
mean errors of the estimates from the correct size measures range from +1.3% to +5.8% and the 
percent of estimates less than the actual harvest range from 30% to 47%.  These results are 
similar to the previous simulations although there may be a small positive bias introduced by 
having one site in the sample frame that is never sampled (if all other size measures in the 
sample frame are approximately correct).  
 
If there is an error in the size measure of the site that is never sampled, however, the results are 
very different.  For these simulations, mean errors of the estimates from the “in-error” size 
measures range from -7.4% to +20.3% and the percent of estimates less than the actual harvest 
ranges from 4% to 79% (Table 2).  When the size measure of the never-sampled site is over-
estimated there is a positive bias to the estimates (the harvest is over-estimated).  When the size 
measure of the never-sampled site is under-estimated there is a negative bias to the estimates 
(the harvest is under-estimated).  While the distribution of the differences between the estimates 
and the actual harvest is symmetrical near zero when using the correct size measures, the 
distribution of the differences for the “in-error” size measures is shifted to the left or right of 
zero depending upon whether the size measure of the never-sampled site is under- or over-
estimated (Figure 4). 
 
Evaluation of Size Measures: 
 
The size measures used during the study were evaluated by comparing them to the boat survey 
results (Appendix Tables 1-9).  The proportion of boats entering the fishery from each site was 
calculated for an area and month and these proportions averaged over all months within an area.  
When sites are ranked by size measure, sites with the largest size measures usually have the 
largest representation in the boat surveys.  There are a few exceptions, for example in Area 06 
site 1255 (Thunderbird Boathouse and west ramp) on average represented 20% of the boats 
surveyed whereas the size measure assigned to site 1255 is 7% (Appendix Table 2).  This high 
representation (20%), however, is due to two surveys conducted when the Port Angeles Public 
Ramp (site 1186, which usually accounts for 30% of the boat effort) was closed.  If one site is 
closed or not in use, effort will shift to other sites.  This was accounted for in the size measure 
files, whenever possible, before a creel survey was started.  In most cases, the site size measures 
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Figure 3. Distribution of the differences between the actual salmon harvest and the harvest 

estimates using the “correct” and “in-error” size measures (SM) for simulations 
#1, #2, and #3. 
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Figure 4. Distribution of the differences between the actual salmon harvest and the harvest 

estimates using the “correct” and “in-error” size measures (SM) for simulations 
#4, #5, and #6. 
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used closely reflected the proportion of boats observed to come from the sites.  For example, in 
Area 08, about 10% of the boats entered the fishery from site 1195 (Port of Everett waterfront) 
in 1989 and 1990.  The site size measure assigned to this site was 10% (Appendix Table 4). 
 
All of these sites were sampled sites.  As demonstrated by the simulations described above, 
errors in the site size measures for sampled sites contribute to increased variance and therefore 
less precision.  Errors in size measures would only result in a biased estimate if the site is not 
available for sampling.  Sites that could not be sampled (never-sampled sites) existed in all 
areas except Area 05 (Table 3).  The sum of the size measures for these never-sampled sites 
ranged from 0% in Area 05, 3% in Area 09, to 32% in Area 07 (Table 3).  An error in the size 
measures for these never-sampled sites would result in a bias in the harvest estimate.  However, 
a comparison of the sum of the average proportion of boats observed to enter these areas from 
never-sampled sites to their assigned size measures shows that they are similar.  The largest 
discrepancies are in Area 07 where on average 21.3% of the boats were observed to come from 
never-sampled sites, while these are assigned size measures summing to 32% (Table 3), and in 
Area 12 where boats entered the fishery from never-sampled sites an average of 3% of the time 
while the size measures for this category of sites sum to 14%. 
 
Harvest landed in sites outside of the sample frame will also contribute to bias, but few boats 
were observed to come from sites that were not assigned a size measure or could not be 
assigned to a general area site code (Table 3).  This potential source of bias is considered small. 
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Table 3. Comparison of size measures for never-sampled access sites to the average 

proportion of boats observed using those sites during on-the-water surveys and a 
summary of all out-of-frame access sites observed. 

 

 Never-Sampled Sites Percentage from 
 Size Percentage of Out-of-Frame 

Area      Measure Boat Survey Sites 

    
05         0%  0% 0.8% 

06        19% 18% 1.8% 

07        32% 21% 0.7% 

08        18% 16% 3.6% 

09         3%  9% 7.7% 

10 (WD/WE) 23%/27% 25% 0.7% 

11 (WD/WE) 29%/21% 22% 3.0% 

12        14%  3% 0.0% 

13        17% 15% 0.0% 
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PUNCH CARD ESTIMATES OF SALMON HARVEST 
 
 
Methods 
 
Salmon punch cards consist of several physical records: dealer stubs, angler instructions, and 
the harvest record itself.  Punch cards are distributed to personal-use dealers in books of 25 
cards each and the dealers issue the punch cards to anglers.  The angler fills out name and 
address information on the dealer stub and the punch card; the angler takes the punch card while 
the dealer retains the stub.   
 
By regulation anglers must return all punch cards they have been issued and dealers must return 
used stubs, all void stubs and cards, and all partially used and unused punch cards books at the 
end of the calendar year.  On receipt of the dealer stubs, the stub information for in-sample 
cards is entered into a name-and-address file and the card number of the last card used in every 
book is entered into a last-stub file. 
 
Anglers return punch cards voluntarily to dealers, deposit them in collection boxes located at 
coastal ports and at 91 locations throughout Puget Sound, or mail them to WDF.  After 
31 January, two reminder letters are sent to anglers holding in-sample cards which have not 
been received by WDF.  In response to these letters, many anglers return their punch cards or 
enter harvest information on the reminder letters and return the letters in lieu of the cards.  Some 
anglers do not respond and are in-sample non-respondents.  On receipt of the punch cards or 
letters the information from all in-sample records is entered into a harvest record file.  In most 
years two reminder letters are sent, although in 1966, 1967, and in 1982 three letters were 
mailed, and in 1976 and 1979 only one letter was mailed.  The in-sample cards and letters 
received are used to estimate the harvest.   
 
Selection of In-Sample Cards:  
 
Each year a stratified random sample of 4% of all cards issued is selected and used to estimate 
the total salmon harvest by the sport fishery in Puget Sound.  Cards are selected as in-sample 
cards by choosing four out of 100 numbers ranging from 00-99.  The 100 numbers represent a 
set of four books of 25 cards each.  A procedure is used to randomly select the four numbers 
such that there is one number selected per book and none of the four numbers are in the same 
quarter of the book.  This is done by (WDF 1987): 
 

1. Randomly deleting one number from 1-25 from each book, leaving each book with 24 
cards or four quarters of six cards each. 

 
2. Randomly drawing a number from 0-99, which will be the first in-sample card number.  

If the number has been previously deleted then another number is drawn. 
 

3. Randomly drawing a number from 0-99 three more times.  If a deleted number is 
chosen, or one from a book quarter for which a number is already selected in a previous 
draw, then another number is drawn. 
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Estimation of Number of Cards Issued and Number of In-Sample Returns: 
 
The total number of punch cards issued (NT) and the total number of cards selected for the 
sample to estimate harvest (Nis) are calculated as follows.  The total number of valid in-sample 
cards issued for which a dealer stub has been returned (Nd) is adjusted to account for cards 
issued but for which no dealer stubs were returned by: 
 

ĉ

N
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is =                                                                    [7] 
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n
ĉ = ,                                                                   [8] 

nvt = the number of cards in a sub-sample of voluntarily returned cards, and 
nvd = the number of cards in the sub-sample which have a dealer stub. 

 
There is one in-sample card per punch card book so the total number of cards, Nis, represents 
the total number of books issued.  Each book of punch cards contains 25 cards, however all 
cards are not always issued.  The average number of cards issued per book is used to estimate 
the total number of cards issued: 

cN̂N̂ isT =                                                                 [9] 

where c  is the average number of cards issued per book. 
 
Estimation of Total Harvest by Area and Month: 
 
The total number of salmon harvested by catch area and month (Ham) is estimated as the 
product of the total number of cards issued and the average harvest per card for area a and 
month m: 
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hamj  = the number of salmon harvested in area a during month m recorded on card or 
letter j, and 

nis   = the number of in-sample records (cards or letters) that are returned. 
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Variance Estimates: 
 
Three methods of estimating the variance of the harvest estimates from the punch cards were 
evaluated: 

1. the variance due to the average per card, or per card estimate of variance; 
2. a random group estimate of variance; and 
3. a bootstrap estimate of variance. 

 
The per card variance assumes a simple random sample of punch cards has been selected and is 
estimated by (Goodman 1960): 

)N̂(V̂)h(V̂h)N̂(V̂N̂)h(V̂)Ĥ(V̂ TamamTTamam −+= 22                     [12] 

where variance due to the average harvest per card is estimated as: 

)n(n

)hh(
)h(V̂

isis

n

j
amamj

am

is

1
1

2

−

∑ −
= =                                                   [13] 

 
and the variance due to the estimate of total cards issued is3: 

).N̂(V̂c)N̂(V̂ isT
2=                                                        [14] 

The estimate of the total number of in-sample cards, Nis, is similar to a mark-recapture 
experiment where Nd represents the marked sample, nvt the recapture sample, and nvd the 
recaptures.  The variance of Nis is then estimated by (Seber 1982): 
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The second method, that of random groups or interpenetrating samples (Wolter 1985), involves 
dividing the sample into four sub-samples.  The sub-samples were defined by the four random 
numbers used to select the in-sample punch cards (the cards associated with each number 
representing one sub-sample).  These four sub-samples were used to make four separate 
estimates of harvest which were then used to estimate the variance of the total harvest by: 

( )
( )

( )
















−

∑ −
= =

144
4

4

1

2

2 r
amramr

am

hh
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where hamr = the number of salmon harvested in area a during month m recorded on cards 
or letters from random group r, 

                                                
 3 All cards in a book are usually issued.  The number of cards issued per book averaged 24.4 during the years of the 
study.  Any variance from this source would be relatively small and  is treated as a constant in Equation 14. 
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amrh  = the mean number of salmon harvested in area a during month m calculated 

for the four random groups, and 

E = 
is

T

n

N̂
. 

 
This variance estimator assumes that each random group is selected using the exact same 
sample design (Wolter 1985), an assumption that is satisfied as the random groups are sub-
samples of the original sample.  As the random groups are not selected independently, but 
selected without replacement from the original sample, this estimator will have a bias that for 
large populations and small sampling fractions will tend to be positive and small (Wolter 1985), 
i.e., the variance will tend to be over-estimated. 
 
The bootstrap estimate of variance is a resampling method where B samples of size nis are 
selected with replacement from the original sample (Efron 1982).  Total harvest is then 
estimated for each of the bootstrap samples and used to estimate the bootstrap variance by: 
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where b*
amĤ  = the estimate of harvest from the bth bootstrap sample, and the mean over all the 

bootstrap samples is: 
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and B = 5,000 bootstrap samples. 
 
 
Assumptions and Sources of Bias: 
 
If all in-sample punch cards are returned, then the sample of Nis cards represents a random 
sample of all punch cards issued to anglers in Washington and the estimates of mean harvest by 
area and month per card are unbiased.  The means actually calculated for the harvest estimates, 
however, are calculated from nis returns of cards and letters, where nis is less than the total 
number of in-sample cards, Nis. 
 
The major assumptions for the punch card estimates are: 
 

1. All salmon harvested by the sport fishery in the marine waters of Puget Sound are 
recorded on a punch card and the area and date of harvest are accurately recorded. 
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2. There is no error in the harvest recorded on the reminder letters or in the date and area of 
harvest. 

 
3. The mean harvest per card, ish , estimated from the cards and letters combined in the 

returned sample is not significantly different from the mean harvest per card for all in-
sample cards, returned or not returned. 

 
4. There are no differences in the distribution of respondents and non-respondents among 

areas or months. 
 
The extent of any bias in the punch card estimates of salmon harvest depends largely on the 
proportion of in-sample cards not returned and the proportion of reminder letters returned 
instead of punch cards.  The size of any bias is directly related to the proportion of the in-sample 
cards not returned as well as the difference in the mean harvest per card for returned and 
unreturned in-sample cards.  The second assumption made is that there is no error in harvest 
recorded on reminder letters returned in lieu of punch cards.  But the harvest, date, and area on a 
punch card are recorded at the time of harvest while information recorded on the reminder 
letters is recorded anywhere from one to twelve months after the harvest.  Therefore, there is 
the possibility for recall error in the harvest recorded on the reminder letters.  If the fourth 
assumption is violated then any bias in the harvest estimates will not be equal among areas and 
months. 
 
 
Results 
 
Sample Statistics: 
 
The Salmon Punch Card System has been used since 1964 and sample statistics are available 
through 1990 (Haw and Buckley 1965; Nye and Ward 1966, 1967, 1968, 1969, 1970, 1971, 
1972, 1973, 1974; Nye et al. 1975, 1976, 1977; Hoines et al. 1978, 1979, 1980, 1981, 1982, 
1983, 1984, 1985; Hoines and Ward 1986, 1987, 1988; Zinicola and Hoines 1989, 1992a, 
1992b).  The number of cards issued annually has ranged from 318 to 660 thousand, while the 
number of in-sample cards has ranged from 13 to 26 thousand.  The percent return of in-sample 
cards has ranged from 46% to 81% and has averaged 61% (Table 4).  Between 1964 and 1974, 
the percent return was above the average in all years and was above 70% in four of those years.  
In the years since 1974, the return has been above the average of 61% in only three out of 16 
years and was less than 50% in four of these years.  
 
The proportion of the responding anglers that returned their original in-sample punch card has 
ranged from 47% to 72% and has averaged 60% (Table 5).  This proportion was above 60% in 
all but two years from 1964 through 1983 but has not exceeded 60% since 1983 (Table 5).  
 
During the four years of the study, the average percent return of in-sample harvest records was 
54%; the percentage returned was higher in the first two years of the study compared to the last 
two years (Table 5).  Letters represented 45% to 53% of returned records during the study years. 
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Table 4. Summary of sample statistics for the Salmon Punch Card System, 1964 - 1990. 
 

  In-sample Cards Voluntary Cards 

 
Year 

Cards 
Issued 

Total 
Cards 

Cards 
Returned 

% 
Return 

Matching 
Stub  

Total 
Sample 

% 
Match. 

Average
per 

Booka 

1964 318,550 12,742 10,373 81.4% NRb NR NR  25.0  

1965 387,875 15,515 10,705 69.0% NR  NR NR  25.0  

1966 392,350 15,694 11,300 72.0% NR  NR NR  25.0  

1967 472,225 18,889 13,877 73.5% 1,041 1,121 92.9% 25.0  

1968 456,675 18,267 12,865 70.4% 1,004 1,136 88.4% 25.0  

1969 470,100 18,804 12,250 65.1% 978 1,079 90.6% 25.0  

1970 519,025 20,761 14,138 68.1% 757 1,121 67.5% 25.0  

1971 541,600 21,664 14,822 68.4% 1,621 1,777 91.2% 25.0  

1972 536,750 21,470 13,867 64.6% 1,527 1,722 88.7% 25.0  

1973 568,825 22,753 14,056 61.8% 1,610 1,822 88.4% 25.0  

1974 562,375 22,495 14,339 63.7% 1,671 1,892 88.3% 25.0  

1975 576,075 23,043 13,198 57.3% 1,745 2,000 87.3% 25.0  

1976 660,150 26,406 12,631 47.8% 1,629 1,899 85.8% 25.0  

1977 641,050 25,642 14,555 56.8% 1,289 1,543 83.5% 25.0  

1978 580,375 23,215 13,514 58.2% 1,738 1,841 94.4% 25.0  

1979 487,875 19,515 8,925 45.7% 1,808 2,000 90.4% 25.0  

1980 435,300 17,412 9,718 55.8% 1,660 2,001 83.0% 25.0  

1981 463,561 19,726 9,160 46.4% 2,765 3,350 82.5% 23.5  

1982 481,915 20,507 12,643 61.7% 1,082 1,399 77.3% 23.5  

1983 481,025 19,698 11,466 58.2% 1,566 1,813 86.4% 24.4  

1984 364,286 14,942 9,384 62.8% 2,696 2,985 90.3% 24.4  

1985 486,555 19,900 10,779 54.2% 3,592 3,843 93.5% 24.5  

1986 402,533 16,504 10,815 65.5% 3,206 3,744 85.6% 24.4  

1987 475,459 19,494 11,533 59.2% 3,322 3,814 87.1% 24.4  

1988 486,356 19,900 11,599 58.3% 3,151 3,580 88.0% 24.4  

1989 509,534 20,934 10,047 48.0% 2,158 2,669 80.9% 24.3  

1990 497,215 20,336 10,343 50.9% 2,085 2,513 83.0% 24.5  

Ave. 490,949   60.9%     

 a Average number of cards per book was not calculated before 1980.  The total number of 
cards issued was estimated assuming all cards (25) were issued. 

 b  NR = Not reported. 
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Table 5. Percent cards and letters in the in-sample return to the Salmon Punch Card System 
and the average number of salmon harvested per in-sample response, 1964 - 1990. 

 

 Cards  Letters  Average Salmon Harvest 

Year Returned  %  Returned %  Cards Letters Total 

1964 NRa  NR  NR NR 1.49 

1965 NR   NR  NR NR 2.42 

1966 NR   NR  2.26 1.06 1.93 

1967 8,360 60.2% 5,517 39.8% 2.81 1.34 2.25 

1968 7,887 61.3% 4,978 38.7% 2.37 1.21 1.92 

1969 7,682 62.9% 4,538 37.1% 2.31 1.12 1.86 

1970 9,238 65.3% 4,900 34.7% 2.31 1.07 1.88 

1971 NR   NR  NR NR 2.48 

1972 NR   NR  NR NR 2.25 

1973 8,902 63.3% 5,154 36.7% 1.66 0.71 1.27 

1974 9,311 64.9% 5,028 35.1% 2.87 1.39 2.35 

1975 8,381 63.5% 4,817 36.5% 3.27 0.96 2.43 

1976 7,773 61.5% 4,858 38.5% 3.70 0.97 2.65 

1977 7,291 50.1% 7,264 49.9% 2.84 0.87 1.86 

1978 7,567 56.0% 5,947 44.0% 2.83 0.74 1.91 

1979 6,164 69.1% 2,761 30.9% 2.98 0.79 2.30 

1980 6,482 66.7% 3,236 33.3% 2.68 0.54 1.97 

1981 5,736 62.6% 3,424 37.4% 2.58 0.66 1.86 

1982 7,902 62.5% 4,741 37.5% 2.34 1.12 1.89 

1983 8,248 71.9% 3,218 28.1% 2.59 1.24 2.21 

1984 5,011 53.4% 4,373 46.6% 2.69 0.88 1.85 

1985 6,138 56.9% 4,641 43.1% 2.78 1.13 2.07 

1986 6,413 59.3% 4,402 40.7% 3.05 1.30 2.34 

1987 6,345 55.0% 5,188 45.0% 2.80 0.95 1.97 

1988 6,429 55.4% 5,170 44.6% 2.52 0.90 1.80 

1989 4,777 47.5% 5,270 52.5% 2.89 1.04 1.92 

1990 4,856 46.9% 5,487 53.1% 2.88 1.05 1.91 

Average 59.6%  40.4%    

 a NR = Not reported. 
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These statistics emphasize that factors which could contribute bias to the punch card estimates 
of harvest are present.  In fact, they indicate that any bias due to non-response would be more 
probable in the last 10 years of the Salmon Punch Card System compared to the first 10 years. 
 
 
Harvest Estimates: 
 
Punch card estimates of the number of salmon harvested for the 64 area-month cells sampled 
during the four years of the study range from 96 salmon in Area 12 during September 1990 to 
50,847 salmon in Area 05 during August 1989 (Table 6).  Coefficients of variation of the punch 
card estimates (using the random group estimate of variance) ranged from 5% to 71%.  The 
estimates for Areas 05, 06 and 09 had the smallest mean CVs, 7%, 13%, and 13%.  The 
estimates for Areas 07, 12, and 13 had the largest mean CVs, 22%, 45%, and 25%.  Generally, 
area-month cells with the largest harvest estimates had smaller CVs and area-month cells with 
the smallest harvest estimates had some of the larger CVs (Figure 5). 
 
 
Precision: 
 
Three estimates of standard error were made for all area-months cells sampled during the four 
years of the study (Table 6).  The per card and bootstrap estimates of precision are very similar 
for any area-month cell sampled, while the estimates made using the random group method are 
higher in most cells, sometimes two or three times higher.  The similarities and differences 
among these three estimates of variance are possibly explained by the sample sizes involved.  
Both the per card and bootstrap variance estimators depend on the sample size of the in-sample 
return (10,000 to 12,000 on average), whereas the random group method depends on the 
number of random groups selected.  Each of the four sub-samples or groups used in the random 
group method has one-fourth of the original sample size and a small difference among the sub-
samples in the total harvest observed can result in large differences in estimated total harvest 
and a larger variance estimate.  
 
Jessen (1978) states that the method of random groups is commonly used for complex surveys 
when exact methods of variance estimation cannot easily be derived or calculated.  It appears to 
be the most conservative estimator (i.e., it provides the largest estimates of variance).  The per 
card method of variance estimation provides a simple exact estimator of variance.  However, it 
assumes a simple random sample which is not actually the case for the punch card sample 
selection, as books are divided into sections and only one card per section can be selected.  
 
The precision of the estimates depends largely on the size of the harvest estimates; generally, 
larger estimates are more precise (Table 6).  The greatest departures of the random group 
estimates from the other two methods occurred in area-month cells with large harvest estimates.  
As in the case of the creel survey estimates, there was a significant relationship (r = -0.54 and 
Spearman’s ρ = -0.90, both significant at P ≤ 0.01) between the harvest estimate and the 
coefficient of variation calculated using the random group variance estimate (Figure 5). 
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Table 6. Summary of punch card estimates of the number of salmon harvested by the marine 
sport fishery in Puget Sound, and a comparison of three different standard error 
estimates, for areas and months sampled in 1987, 1988, 1989, and 1990.  

 

Area 
Mon-Year 
Sampled 

Estimated
Harvest 

Random 
Group SEa 

Coef. of 
Variation 

Bootstrap SE Per Card SE 

AREA 05      

Jul-1988 19,614 2,283 11.6% 1,182 1,123 
Jul-1990 38,592 1,912 5.0% 1,597 1,691 

Aug-1989 50,847 2,961 5.8% 1,901 2,009 
Sep-1987 49,159 2,625 5.3% 1,907 1,902 
Sep-1988 35,742 2,484 6.9% 1,616 1,605 
Sep-1989 47,736 3,975 8.3% 1,934 1,974 

      
AREA 06      
Apr-1989 1,683 444 26.4% 395 389 
Jul-1987 23,944 1,583 6.6% 1,227 1,230 
Jul-1988 18,900 2,456 13.0% 1,112 1,155 
Jul-1990 14,400 2,606 18.1% 1,028 1,028 

Aug-1989 21,573 1,907 8.8% 1,241 1,262 
Sep-1987 26,691 1,941 7.3% 1,369 1,386 
Sep-1988 16,632 1,360 8.2% 1,111 1,096 
Sep-1989 29,121 3,430 11.8% 1,518 1,545 
Oct-1987 11,767 998 8.5% 966 980 
Dec-1989 1,632 353 21.7% 366 365 

      
AREA 07      
Jun-1987 2,091 182 8.7% 347 347 
Jun-1989 1,683 663 39.4% 351 354 
Aug-1990 2,496 407 16.3% 427 425 
Oct-1987 2,993 545 18.2% 446 468 
Oct-1988 6,132 1,844 30.1% 687 689 
Oct-1990 1,152 342 29.7% 317 305 
Nov-1988 1,176 137 11.7% 279 278 

      
AREA 08      
May-1989 1,071 193 18.0% 286 291 
Jun-1987 1,107 279 25.2% 261 270 
Jun-1988 1,512 299 19.8% 266 265 
Jul-1990 3,840 422 11.0% 474 496 

Aug-1988 5,544 602 10.9% 566 566 
Aug-1989 9,843 1,626 16.5% 836 921 
Oct-1987 3,813 608 15.9% 510 506 
Oct-1990 1,872 297 15.9% 353 394 

- continued - 
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Table 6. Summary of punch card estimates of the number of salmon harvested by the marine 
sport fishery in Puget Sound, and a comparison of three different standard error 
estimates, for areas and months sampled in 1987, 1988, 1989, and 1990 
(continued).  

 

Area 
Mon-Year 
Sampled 

Estimated
Harvest 

Random 
Group SEa 

Coef. of 
Variation Bootstrap SE Per Card SE 

AREA 09      

Jan-1990 1,680 528 31.4% 351 344 
May-1988 2,646 408 15.4% 443 445 
May-1989 2,805 174 6.2% 456 455 

Jul-1990 14,400 2,063 14.3% 964 996 
Aug-1989 19,788 1,187 6.0% 1,213 1,166 
Sep-1987 35,752 3,462 9.7% 1,499 1,541 
Oct-1988 14,364 932 6.5% 965 967 

      
AREA 10      
Apr-1989 969 305 31.4% 268 250 
Jun-1988 1,932 458 23.7% 333 335 
Jul-1988 7,686 730 9.5% 752   775 

Aug-1990 13,632 1,526 11.2% 929 995 
Sep-1987 10,701 681 6.4% 889 880 
Sep-1990 19,584 883 4.5% 1,264 1,325 
Nov-1987 1,886 593 31.5% 309 308 

      
AREA 11      
Jan-1990 1,296 410 31.6% 331 330 
Feb-1990   1,200 446 37.2% 284 272 
Jul-1988 5,292 497 9.4% 535 538 
Jul-1989 4,794 1,081 22.6% 559 563 

Aug-1987 7,626 1,170 15.3% 660 656 
Aug-1988 4,746 575 12.1% 493 506 
Aug-1990 7,488 496 6.6% 694 690 

      
AREA 12      
May-1988 168 119 70.7% 84 84 
Aug-1987 1,107 375 33.9% 311 327 
Sep-1990 96 55 57.7% 68 68 
Oct-1987 1,312 548 41.8% 393 395 
Nov-1988 924 325 35.2% 257 265 
Dec-1989 459 153 33.3% 184 183 

      
AREA 13      
Feb-1990 192 78 40.8% 97 96 
Jul-1987 7,175 2,053 28.6% 767 742 
Jul-1989 1,326 257 19.4% 312 320 

Nov-1987 615 79 12.8% 170 170 
 
 a SE = standard error. 
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Figure 5. Coefficient of variation of punch card estimates of the number of salmon 
harvested versus the harvest estimates in sampled area-month cells, 1987 - 1990, 
labeled by WDF Statistical Area.   A. All data.   B. Harvest estimates less than 
5,000 fish only. 
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ESTIMATION OF RELATIVE BIAS 
 
 
Methods 
 
The relative bias defined for this study is the ratio of the punch card estimate of harvest and the 
creel survey harvest estimate.  If the punch card and creel survey estimates are the same then 
this ratio is one and there is no bias.  When the punch card estimate is greater than the creel 
survey estimate the ratio is greater than one which indicates that the harvest was over-estimated 
by the Salmon Punch Card System.  Two methods were used to analyze relative bias: (1) the 
ratio of the harvests, or the ratio of means, and (2) a regression approach called the errors-in-
variables method.  
 
Ratio-of-Means: 
 
The ratio (Ram) of punch card harvest estimate to creel survey harvest estimate was calculated: 
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The variance of Ram was approximated by the delta method (Seber 1982): 
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Assuming that the creel survey estimates are unbiased estimates of harvest, the bias of the 
punch card estimate relative to the creel survey estimate was defined by: 

( ) %.R̂%Bias amamPC 10001−=                                                [21] 
 
 
Errors-in-Variables: 
 
A model for bias estimation suggested by Schnute et al. (1990), referred to as the errors-in-
variables (EVB) model, is as follows: 

ii XY βα +=                                                                    [22] 

where Yi and Xi represent two estimates of the same variable and the relation between the two is 
analogous to a regression equation.  The EVB model assumes that the Yi and Xi are both 
measured with error whereas in a regression only the Yi are measured with error.  The actual 
observations are represented by yi and xi, where: 

iii Yy τε+=                                                                    [23] 

and 

iii Xx σδ+= .                                                                 [24] 
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The σ2 and τ2 are the measurement error variances for xi and yi.  The sum of the measurement 
error variances, v2, represents the precision of the estimates of Xi and Yi.   
 
The difference between Yi and Xi represents the bias (Bi): 

.XYB iii −=                                                                [25] 

A log transformation is used to stabilize the variance of the xi and yi (Schnute et al.  1990).  In 
this analysis the Xi and Yi are the logs of the creel survey harvest estimates and the punch card 
estimates, respectively.  The relative bias is defined as: 

( ) ( )[ ] iiiamCREELamPC BXYHlnHln
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where HamPC and HamCREEL represent the harvest estimates from the punch card and creel 
surveys for area-month cell am. 
 
The slope parameter, β in Equation 22, describes the relationship between the harvest estimates.  
If β is 1, then the bias (Bi) will be independent of the harvest values and be a constant equal to 
α.  If β is not equal to 1 the relationship is nonlinear and the bias ratio varies over the range of 
harvests, i.e., one constant cannot be applied to all levels of harvest to adjust for bias. 
 
The ratio-of-means assumes the relationship between the two harvest estimates is independent 
of size of harvest and relative bias is the same at all levels of harvest.  The errors-in-variables 
method allows this assumption to be tested by testing the null hypothesis that β = 1. 
 
The estimation of the model parameters depends on the ratio of the measurement error 
variances, λ, where 
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σ
τλ =                                                                    [27] 

The estimate of bias does not depend on λ, but the estimate of the variance of the bias and its 
confidence interval does.  This ratio λ is unknown in the EVB analysis as we do not know the 
measurement errors present in the estimates of harvest, so the parameter estimates must be 
calculated for a range of λ.  If there is no measurement error in the Yi (the punch card estimates 
are without error) then λ = 0; if there is no measurement error in the Xi (the creel survey 
estimates are without error) then λ is infinity (∞); if both are measured with error, then λ ranges 
between 0 and ∞.  Schnute et al. (1990) concluded that the EVB analysis was valid for all 
values of λ (other than 0 or ∞) as long as Ω< 0.3 where: 

.
V

2
2 ν=Ω                                                                [28] 

V is a measure of the range of Xi and Yi; it will be large when the estimated harvests cover a 
wide range of values.  v2 represents measurement error in yi and xi, or the precision of the 
estimates of harvest.  If Ω is large this indicates that the precision of the two harvest estimates is 
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insufficient for estimating the relationship between the two over the range of Xi and Yi 
observed.  These parameters v2, V, and Ω allow the adequacy of the estimates of harvest used to 
estimate the bias ratio to be evaluated.  If these estimates are imprecise then the estimate of bias 
will also be imprecise, in fact, it will not be an adequate estimate of the relative bias in the 
punch card estimate of harvest. 
 
Stratification: 
 
Geographic-seasonal strata for the estimates of relative punch card bias were established in 
1987.  The strata were defined with the expectation that any bias in the harvest estimates from 
the punch cards would be reasonably homogeneous within each stratum but possibly different 
among strata.  Five strata were used throughout the study: (1) Area 05 summer (June through 
September); (2) Areas 06, 07, 08, and 12 summer; (3) Areas 09, 10, 11, and 13 summer; 
(4) Areas 05, 06, 07, 08, and 12 winter (October through May); and (5) Areas 09, 10, 11, and 13 
winter.  Area 05 summer was treated as a unique stratum because of the relatively high harvest 
rates (compared to other Puget Sound marine areas) by anglers fishing in this area and because 
of the large amount of fishing effort this area receives.  The EVB model was used to evaluate 
these predefined strata and to determine whether strata could be further collapsed or further 
expanded by testing for significant differences in the bias estimates among strata and within 
strata and testing whether there was a linear relationship within a stratum and within combined 
strata. 
 
The ratio Ram was estimated for each stratum p by first summing the estimates of harvest from 
punch cards and the estimates of harvest from the creel survey individually for area-month cells 
sampled in the stratum.  The ratio of the sums was then calculated: 
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The variance of the sum of the individual estimates was estimated using a two-stage formula 
that incorporates the between-cell variance for area-month cells sampled in a stratum and the 
within-cell variance of the individual cell estimates (Cochran 1977).  For example, for the sum 
of punch card estimates: 
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ĤV̂ amPCamPCamPC

amPC

∑+














−
∑ −−=∑

1

2

                           [30] 

where n = the number of area-month cells sampled (by the creel survey) in stratum p, 
 N = the total number of area-month cells in stratum p, and 
 amPCH  = the mean of the harvest estimates from punch cards for cells sampled in 

stratum p. 
 



 37 

The variance of the sum of creel survey estimates was estimated similarly by substituting the 
corresponding creel survey estimates into Equation 30.  The variance of Rp was estimated by 
substituting the two-stage variance estimates for the sums of the punch card and creel survey 
estimates into Equation 20. 
 
 
Results 
 
Estimates of Relative Bias: 
 
The ratio-of-means estimates of relative punch card bias for 1987, 1988, 1989, and 1990 are 
summarized in Table 7 by area and season.  Within a catch area, there is considerable variation 
among bias estimates from different months in the same season (summer or winter) and among 
the same months surveyed in different years.  There is no trend of one season (summer or 
winter) having bias estimates that are consistently less than or greater than the other season.  
Seven of the nine catch areas have mean punch card bias estimates greater than 1.30.  The two 
areas with mean bias estimates less than 1.30 are Area 05 (0.99) and Area 08 (1.11).  Areas 06, 
07, 09, and 11 have mean bias estimates that are very similar, 1.39, 1.31, 1.56, and 1.51, 
respectively.  The largest mean bias, 4.63 for Area 12, is more than twice as large as the next 
largest mean bias (1.91 for Area 13).  The estimates of relative punch card bias for Areas 05, 06, 
07, 08 (with one exception), 09, and 11 are generally tightly clustered while those for Areas 10, 
12, and 13 are not (Figure 6).   
 
Precision of Harvest Estimates: 
 
As was found previously for the creel survey and punch card harvest estimates, there is a 
significant relationship (r = -0.50 and Spearman’s ρ = -0.77, both significant at P ≤ 0.01) 
between the size of the harvest estimate and the precision of the estimate of relative punch card 
bias associated with it (Figure 7).  Five of the seven area-month cells with estimates of salmon 
harvest less than 500 fish have coefficients of variation exceeding 60%.  All five estimates were 
for Area 12. 
 
Under the assumption that the creel survey estimate is unbiased, the bias of the harvest 
estimates from the Salmon Punch Card System is estimated by the ratio of the two estimates of 
harvest.  If either or both of these two estimates are imprecise, the estimate of bias will also be 
imprecise and not very useful.  The precision of both of the harvest estimates largely depends 
on the number of salmon actually observed in the punch card or creel survey samples; small 
estimates of harvest derived from few sampled fish will be imprecise.  
 
Therefore, it is not surprising that the most variation in the estimates of harvest and the bias 
ratios is for the samples with small estimated harvests (Table 1 and 6).  A harvest estimate of 
500 salmon was chosen as a cut-off point below which the estimate would be too imprecise to 
be useful for estimating the bias ratio.  A punch card harvest estimate of 500 fish, on the 
average, is derived from less than 10 salmon recorded on all returned in-sample punch cards.  
Similarly, a small number of fish are observed in the field at this level of harvest during the 
creel surveys.  The lowest and highest bias ratios were for samples with harvests under 500 fish.   
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Table 7. Summary of punch card bias estimates (relative bias = punch card estimate/creel 
survey estimate) by statistical area and season for 1987, 1988, 1989, and 1990.   

 

Relative Punch Card Bias (PC/CS) Area 
Month-Year 

Sampled 

Creel 
Survey 

Estimate 

Punch 
Card 

Estimate Summer Winter All SEa CVb 

    AREA 05 
Jul-1988 21,395 19,614 0.92  0.92 0.137 14.9% 
Jul-1990 30,104 38,592 1.28  1.28 0.199 15.5% 

Aug-1989 44,782 50,847 1.14  1.14 0.141 12.5% 
Sep-1987 52,342 49,159 0.94      0.94 0.156 16.6% 
Sep-1988 31,489 35,742 1.14      1.14 0.272 23.9% 
Sep-1989 64,004 47,736 0.75      0.75 0.073 9.8% 

WEIGHTED MEAN 0.99  0.99 0.186 18.8% 
    AREA 06 

Apr-1989 1,530 1,683   1.10 1.10 0.712 64.8% 
Jul-1987 13,180 23,944 1.82      1.82 0.279 15.4% 
Jul-1988 11,536 18,900 1.64      1.64 0.370 22.6% 
Jul-1990 12,799 14,400 1.13      1.13 0.232 20.6% 

Aug-1989 12,138 21,573 1.78      1.78 0.291 16.4% 
Sep-1987 22,080 26,691 1.21      1.21 0.292 24.2% 
Sep-1988 13,981 16,632 1.19      1.19 0.393 33.0% 
Sep-1989 21,889 29,121 1.33      1.33 0.252 18.9% 
Oct-1987 9,483 11,767   1.24 1.24 0.344 27.7% 
Dec-1989 807 1,632   2.02 2.02 0.987 48.8% 

WEIGHTED MEAN 1.41  1.28 1.39 0.326 23.4% 
    AREA 07 

Jun-1987 1,111 2,091 1.88      1.88 1.093 58.1% 
Jun-1989 1,789 1,683 0.94      0.94 0.447 47.5% 
Jun-1989 1,091 1,683 1.54      1.54 0.687 44.5% 
Aug-1990 1,941 2,496 1.29      1.29 0.316 24.5% 
Aug-1990 1,986 2,496 1.26      1.26 0.481 38.3% 
Oct-1987 1,997 2,933   1.50 1.50 0.512 34.2% 
Oct-1988 3,847 6,132   1.59 1.59 0.918 57.6% 
Oct-1990 1,736 1,152   0.66 0.66 0.336 50.7% 
Nov-1988 1,180 1,176   1.00 1.00 0.591 59.3% 

WEIGHTED MEAN 1.32  1.31 1.31 0.321 24.5% 
    AREA 08 

May-1989 972 1,071   1.10 1.10 0.331 30.0% 
Jun-1987 1,829 1,107 0.61      0.61 0.193 31.9% 
Jun-1988 1,267 1,512 1.19      1.19 0.336 28.2% 
Jul-1990 2,747 3,840 1.40      1.40 0.347 24.9% 

Aug-1988 3,862 5,544 1.44      1.44 0.243 16.9% 
Aug-1989 11,706 9,843 0.84      0.84 0.249 29.6% 
Oct-1987 2,781 3,813   1.37 1.37 0.455 33.2% 
Oct-1990 688 1,872   2.72 2.72 0.720 26.5% 

WEIGHTED MEAN 1.02  1.52 1.11 0.501 45.2% 

- continued - 
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Table 7. Summary of punch card bias estimates (relative bias = punch card estimate/creel 
survey estimate) by statistical area and season for 1987, 1988, 1989, and 1990 
(continued).  

 

Relative Punch Card Bias (PC/CS) Area 
Month-Year 

Sampled 

Creel 
Survey 

Estimate 

Punch 
Card 

Estimate Summer Winter All SEa CVb 

    AREA 09 
Jan-1990 1,101 1,680  1.53 1.53 0.674 44.2% 

May-1988 1,213 2,646  2.18 2.18 0.642 29.4% 
May-1989 3,668 2,805  0.76 0.76 0.238 31.1% 

Jul-1990 12,429 14,400 1.16      1.16 0.231 20.0% 
Aug-1989 11,298 19,788 1.75  1.75 0.196 11.2% 
Sep-1987 21,614 35,752 1.65      1.65 0.497 30.0% 
Oct-1988 7,347 14,364  1.96 1.96 0.554 28.3% 

WEIGHTED MEAN 1.54 1.61 1.56 0.706 45.3% 
    AREA 10 

Apr-1989 749 969  1.29 1.29 0.493 38.1% 
Jun-1988 1,805 1,932 1.07      1.07 0.312 29.1% 
Jul-1988 2,279 7,686 3.37      3.37 0.547 16.2% 

Aug-1990 7,198 13,632 1.89      1.89 0.359 18.9% 
Sep-1987 5,726 10,701 1.89      1.87 0.398 21.3% 
Sep-1990 12,935 19,584 1.51   1.51 0.324 21.4% 
Nov-1987 631 1,886   2.99 2.99 1.345 45.0% 

WEIGHTED MEAN 1.79  2.07 1.80 0.840 46.7% 
    AREA 11 

Jan-1990 1,054 1,296  1.23 1.23 0.421 34.3% 
Feb-1990 1,496 1,200  0.80 0.80 0.372 46.4% 
Jul-1988 4,040 5,292 1.31  1.31 0.208 15.9% 
Jul-1989 3,470 4,794 1.38  1.38 0.331 23.9% 

Aug-1987 3,724 7,626 2.05  2.05 0.413 20.2% 
Aug-1988 2,445 4,746 1.94  1.94 0.263 13.5% 
Aug-1990 5,243 7,488 1.43  1.43 0.255 17.9% 

WEIGHTED MEAN 1.58  0.98 1.51 0.394 26.0% 
    AREA 12 

May-1988 36 168  4.67 4.67 4.099 87.8% 
Aug-1987 387 1,107 2.86  2.86 1.387 48.5% 
Sep-1990 99 96 0.97      0.97 0.641 66.2% 
Oct-1987 115 1,312  11.41 11.41 6.957 61.0% 
Nov-1988 186 924  4.97 4.97 3.488 70.2% 
Dec-1989 56 459  8.20 8.20 6.129 74.8% 

WEIGHTED MEAN 2.48 7.28 4.63 2.096 45.3% 
    AREA 13 

Feb-1990 561 192  0.34 0.34 0.170 49.6% 
Jul-1987 3,519 7,175 2.04  2.04 0.730 35.8% 
Jul-1989 646 1,316 2.05  2.05 0.684 33.3% 

Nov-1987 156 615  3.94 3.94 1.518 38.5% 
WEIGHTED MEAN 2.04 1.13 1.91 1.733 90.9% 

 a SE = Standard error.    b CV = Coefficient of variation. 
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Figure 7. Coefficient of variation for estimates of relative punch card bias versus creel 

survey estimates of salmon harvest in sampled area-month cells, 1987 - 1990, 
labeled by WDF Statistical Area.   A. All data.   B. Harvest estimates less than 
5,000 fish only. 
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None of the harvest estimates under 500 fish had a coefficient of variation less than 30% 
(Tables 1 and 6).  The results of the errors-in-variables analyses described below emphasize the 
effect of the imprecision of the estimates with less than 500 salmon on the overall bias 
estimates. 
 
 
Stratification: 
 
The estimates of relative punch card bias for the five geographic-seasonal strata have less 
annual variation than the area-month specific estimates.  There is a 40% or less difference 
(absolute) between the smallest and largest annual estimates of punch card bias for four of the 
five geographic-seasonal strata (Table 8).  The Areas 09-11/13 winter stratum had highly 
variable annual estimates ranging from 0.85 in 1989 to 3.18 in 1987 (Figure 8).  There were no 
significant differences (P > 0.10) in the bias estimates among the four years of the study for any 
of the strata (Figure 8). 
 
Area 05 was different from the other catch areas in Puget Sound in several ways.  This area had 
the largest annual harvest of salmon in Puget Sound during the years of the study.  In 1990, 
approximately 50% of all salmon harvested by the marine sport fishery in Puget Sound were in 
Area 05.  The estimates of harvest were more precise for Area 05 than for any other area.  The 
bias ratios estimated for Area 05 were consistently near 1.00 (Figure 6) and the bias estimate for 
all Area 05 samples combined was 0.99.  Therefore, Area 05 was treated as a single and 
separate stratum from the other areas. 
 
There is a large difference in the EVB estimate of bias between summer and winter for the 
Areas 06-08/12 stratum that is due to very high estimates of bias for Area 12 winter samples 
(Table 9).  This difference is substantially reduced when all sample cells with harvest estimates 
(either creel survey or punch card) under 500 salmon are omitted, as most of the area-month 
cells with small harvests were in Area 12.  There are eight area-month cells with estimated 
harvests less than 500 fish (Table 7): Area 12-August 1987, Area 12-October 1987, Area 12-
May 1988, Area 12-November 1988, Area 12-December 1989,  Area 12-September 1990, 
Area 13-November 1987, and Area 13-February 1990.  There was not a significant difference 
(P > 0.10) between the summer and winter strata for either areas 06-08/12 and 09-11/13 when 
the small harvest samples were excluded from the data (Table 9). 
 
The assumption of linearity (β = 1) was rejected by the EVB analysis for the winter estimate in 
Areas 06-08/12 when small harvest samples (< 500 fish) were included, but not rejected when 
these estimates were removed (Table 10).  The precision of the winter estimates for both the 
areas 06-08/12 and 09-11/13 strata were not adequate for estimating bias as Ω was greater than 
0.30 for both sets of data (Table 10).  However, estimates for the seasons combined were both 
stable (Ω < 0.30) and linear (β = 1) for both the 06-08/12 and 09-11/13 strata. 
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Table 8. Summary of punch card bias estimates (relative bias = punch card 

estimate/creel survey estimate) for the geographic and seasonal strata defined 
for the study, 1987 - 1990. 

 
Relative Punch Card Biasb Geographic Area Seasona Year 

Ratio St. Error % CVc 
Area 05 Summer 1987 0.94 0.156 16.6% 

  1988 1.05 0.282 26.9% 
  1989 0.91 0.125 13.7% 
  1990 1.28 0.199 15.5% 

 Summer 1987 1.42 0.918 64.5% 
North Puget Sound  1988 1.39 0.685 49.3% 

Areas 06, 07, 08, 12  1989 1.32 0.641 48.8% 
  1990 1.19 0.786 65.9% 

 Winter 1987 1.38 0.969 70.1% 
  1988 1.60 1.435 89.7% 
  1989 1.44 0.608 42.2% 
  1990 1.25 0.607 48.7% 

 Combined 1987 1.41 0.769 54.5% 
  1988 1.42 0.778 54.8% 
  1989 1.32 0.778 58.8% 
  1990 1.20 0.802 66.9% 

 Summer 1987 1.77 1.047 59.1% 
South Puget Sound  1988 1.86 0.494 26.6% 

Areas 09, 10, 11, 13  1989 1.68 1.369 81.5% 
  1990 1.46 0.350 24.0% 

 Winter 1987 3.18 2.443 76.8% 
  1988 1.99 1.917 96.4% 
  1989 0.85 0.681 79.7% 
  1990 1.04 0.343 33.1% 

 Combined 1987 1.80 1.256 69.7% 
  1988 1.92 0.753 39.3% 
  1989 1.50 1.092 73.0% 
  1990 1.42 0.646 45.6% 

 
a Summer = June through September; Winter = October through May. 

 
b The ratio for a stratum is the ratio of the sums of the individual punch card and creel 

survey estimates from the area-month cells sampled in the stratum. 
 

c CV = coefficient of variation. 
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Table 9. Errors-in-variables (EVB) and ratio-of-means (ROM) estimates of relative 

punch card bias, with 95% confidence intervals, for the defined geographic-
seasonal strata. 

 

Area: Seasonal Strata 
EVB 

Estimate 

95% 
Confidence 

Interval 

ROM  
Estimate 

95% 
Confidence 

Interval 

 All years combined and all data included. 

Areas 06-08/12: Summer 1.31 1.11 - 1.54 1.34 0.58 - 2.11 

Areas 06-08/12: Winter 2.13 1.50 - 3.33 1.42 0.16 - 2.69 

Areas 09-11/13: Summer 1.70 1.44 - 2.00 1.65 0.74 - 2.56 

Areas 09-11/13: Winter 1.38 0.84 - 2.31 1.54 -0.22 - 6.30 

Areas 06-08/12: Combined 1.61 1.31 - 1.98 1.36 0.59 - 2.12 

Areas 09-11/13: Combined 1.56 1.27 - 1.92 1.63 0.70 - 2.56 

Areas 06-13  1.59 1.36 - 1.85 1.47 0.88 - 2.06 

 All years combined with harvest estimates under 500 fish omitted. 

Areas 06-8/12: Summer 1.27 1.10 - 1.47 1.34 0.60 - 2.08 

Areas 06-8/12: Winter 1.33 1.01 - 1.77 1.33 0.17 - 2.49 

Areas 09-11/13: Summer 1.70 1.44 - 2.00 1.65 0.74 - 2.55 

Areas 09-11/13: Winter 1.45 0.97 - 2.15 1.56 -0.22 - 3.34 

Areas 06-08/12: Combined 1.30 1.14 - 1.48 1.34 0.62 - 2.05 

Areas 09-11/13: Combined 1.60 1.38 - 1.87 1.63 0.71 - 2.56 

Areas 06-13 1.43 1.29 - 1.58 1.46 0.89 - 2.03 

Area 05 1.01 0.82 - 1.23 0.99 0.62 - 1.35 

 



 46 

 



 47 

 
A similar pattern was found when annual estimates of bias were made for Areas 06-13 
combined.  The EVB analysis has a decreasing trend in bias when all sample cells are included, 
but this trend disappears when cells with harvests less than 500 fish are removed (Table 11).  
The EVB estimates by year are not significantly different (P > 0.10).  All of the annual EVB 
estimates of bias are stable (Ω < 0.30) for both data sets.  However, only half of the estimates 
are linear (β = 1) using the entire data set while all estimates are linear when samples with 
harvests less than 500 fish are removed (Table 12). 
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Table 11. Errors-in-variables (EVB) and ratio-of-means (ROM) estimates of relative punch 

card bias with 95% confidence intervals, by year, for Areas 06-13 combined. 
 

Year EVB Estimate 
95% Confidence 

Interval 
ROM Estimate 

95% Confidence 
Interval 

All areas combined and all data included. 

 1987 1.99 1.47 - 2.72 1.57 0.30 - 2.84   

 1988 1.83 1.41 - 2.37 1.59 0.47 - 2.72   

 1989 1.50 1.11 - 2.02 1.37 0.14 - 2.60   

 1990 1.17 0.91 - 1.50 1.34 0.35 - 2.33   

All areas combined with harvest estimates under 500 fish omitted. 

 1987 1.52 1.19 - 1.94 1.54 0.35 - 2.75   

 1988 1.47 1.19 - 1.81 1.58 0.52 - 2.63   

 1989 1.23 1.04 - 1.51 1.36 0.15 - 2.58   

 1990 1.31 1.07 - 1.59 1.35 0.39 - 2.31   
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STUDY CONCLUSIONS AND RECOMMENDATIONS 
 
 
Punch Card Bias Adjustment Factors 
 
The Sport Catch Estimation Study estimated the bias of the punch card estimates of salmon 
harvest by the marine sport fishery in Puget Sound relative to creel survey estimates.  The 
conclusions of the study are based on the assumption that the creel survey provided unbiased 
estimates of the number of salmon harvested by the sport fishery.  We feel this is a valid 
assumption because: (1) the creel survey estimates are made using data collected at the time of 
harvest; (2) there is no evidence indicating that there are major violations of the assumptions 
necessary for the creel survey; and (3) there is no evidence indicating that any of the three 
potential sources of bias identified for the creel survey are major sources of error.  Therefore, 
the creel survey estimates can be used to estimate the bias of the harvest estimates from the 
Salmon Punch Card System.  The following items were considered when recommending final 
punch card bias correction factors: 
 

1. Should all area-month cells sampled during the four years of the study be used to 
estimate punch card bias? 

 
2. Which method of bias estimation, ratio-of-means or errors-in-variables, should be used? 

 
3. How many separate bias adjustment factors should be estimated?  Are yearly, 

geographic, or seasonal strata necessary? 
 
Sample Data Used for the Estimates.  There was a significant negative correlation between the 
size of the harvest estimates and the coefficients of variation for the creel survey and punch card 
harvest estimates and the estimates of bias.  Generally, area-month cells with small harvest 
estimates had relatively large variances while area-month cells with large harvest estimates had 
relatively small variances.  Therefore, we decided that area-month cells where either the creel 
survey or punch card estimate of salmon harvest was less than 500 fish did not provide 
estimates of punch card bias of adequate precision to be useful and excluded these cells from 
the data.  The errors-in-variables analyses supported this decision because more of the EVB 
bias estimates become linear and stable when the small-harvest cells are excluded compared to 
the estimates which include these cells (Tables 10 and 12). 
 
Method of Bias Estimation.  The basic difference between the ROM and EVB methods when 
estimating bias is that the ROM method weights each observation (each area-month cell 
sampled) by its harvest while the EVB method weights each observation by the log of its 
harvest.  Therefore, in the EVB method sample cells with small harvests, and usually larger 
coefficients of variation, contribute more to the overall bias estimate than in the ROM method.  
Therefore, we recommend the ratio-of-means method for estimating punch card bias.  Also, 
when sample cells with estimates of 500 salmon or less are excluded from the data used to 
estimate overall bias, the difference between the two methods is very small (Table 9). 
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Stratification.  A cumulative estimate of punch card bias using data from all four years of the 
study is preferable to separate annual estimates of bias because: 

a. annual estimates of bias are heavily influenced by the area-month cells sampled during 
the year; 

b. each year, only 1-2 month cells in Area 05 and 12-13 area-month cells in Areas 06-13 
were sampled so there was not good geographic-seasonal coverage in any single year; 
and 

c. there is no evidence from the EVB analyses that there are significant differences in the 
estimates of punch card bias among the four years of the study (Table 11). 

 
There is also no evidence from the EVB analyses that, other than Area 05, there is a significant 
difference in punch card bias among the different geographic-seasonal strata examined for areas 
06-13 combined (Table 9).  Therefore, we recommend that all four years of data be used to 
estimate punch card bias and that bias be estimated separately for Area 05 and Areas 06-13 
combined.  When these data are used in an EVB analysis, these two bias estimates are 
significantly (P ≤ 0.05) different (Table 9 and Figure 9). 
 
Conclusion.  Two estimates of punch card bias are needed, one for Area 05 and one for Areas 
06, 07, 08, 09, 10, 11, 12, and 13 combined.  No further stratification is necessary.  All four 
years of data should be combined for these estimates and area-month cells where either the creel 
survey or punch card estimate of salmon harvest is less than 500 fish should be excluded.  The 
final estimates of punch card bias are 0.99 (95% confidence interval: 0.62 - 1.35) for Area 05 
and 1.46 (95% confidence interval: 0.89 - 2.03) for Areas 06-13 combined. 
 
Recommendations for Future Creel Surveys 
 
If a creel survey similar to the one conducted for this study is used in the future to estimate 
salmon harvest, the following improvements to the creel survey study design are suggested: 
 

a. Remove access sites that cannot be sampled from each area’s sample frame and make 
adjustments for the harvest at never-sampled sites to the creel survey estimates.  
Currently, sites that cannot be sampled are included in the sample frame of an area.  If 
selected, these sites are ignored and a new site is selected.  This violates one assumption 
of the unequal probability estimator, i.e., each site in the sample frame has a probability 
of being sampled proportional to its size measure.  The procedure for selecting sites 
from the sample frame of an area with sites that cannot be sampled could be modified so 
that site selection is conducted after the sites that cannot be sampled are removed from 
the sample frame and the size measures of the remaining sites adjusted accordingly.  
Harvest for the area-month cell would then be estimated as is currently done using the 
adjusted sample frame but this harvest estimate would not account for the harvest at 
sites that cannot be sampled.  The harvest estimate from the new sample frame could 
then be increased by the percentage of harvest assumed to come from the sites in the 
sample frame that cannot be sampled.  This would allow the effects of possible over- 
estimates or under-estimates of the size measures for sites that cannot be sampled to be 
more easily understood and directly translated into numbers of fish. 
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b.  Conduct a routine on-the-water survey program in each catch area so that sample 
frames are kept current.  Examine the possibility of different sample frames for the 
summer and winter seasons. 

c. Do not conduct creel surveys in area-month cells with expected harvest levels of less 
than 500 fish.  The estimates from these cells are too imprecise to be useful. 

d. Area 05 should be considered a separate stratum in future creel surveys.  When 
sampling effort is allocated for monitoring bias, Area 05 should receive more weight 
than any other individual area. 
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ESTIMATING THE SALMON HARVEST BY THE 
SPORT FISHERY IN PUGET SOUND 

 
 
The primary goal of this study was to obtain independent estimates of harvest and use them to 
estimate the bias in the harvest estimates from the Salmon Punch Card System.  The estimates 
of bias from the study are applicable to the estimates of salmon harvest from the SPCS for the 
study years, 1987 - 1990.  However, the question of how bias in the estimates of salmon harvest 
from the SPCS for years prior to 1987 as well as in future years needs to be addressed. 
 
 
Bias in the Historical Data Base 
 
The Salmon Punch Card System has been used to annually estimate the salmon harvest by the 
sport fishery in Puget Sound from 1964 to the present; for the period 1981 - 1986 the estimates 
were divided by 1.2 to adjust for bias while from 1987 through 1990 the study results were used 
to adjust the estimates for bias.  The historical data base has two important uses: (1) the 
documentation of the annual sport harvest of salmon which, in conjunction with other data 
bases, is used to estimate the abundance of various salmon stocks returning to Puget Sound, to 
establish stock characteristics, to estimate escapement goals, and to forecast future returns; and 
(2) the documentation of the total harvest of salmon by the sport fishery for the purposes of 
allocation.  Whether or not past harvest estimates are adjusted for bias and how far back these 
bias adjustments are made should depend on: the statistical reliability of the estimates; how 
closely important factors affecting the estimates from the SPCS resemble those during the study 
years; and how closely the characteristics of the fishery resemble those during the study years. 
 
A factor of 1.2 was applied to the punch card estimates of salmon harvest for the years 
1981 - 1986 based on an analysis by de Libero (1982) while no adjustment was made to the 
estimates for years prior to 1981.  Should the current estimates be retained or should the study 
results be applied to some or all of the prior years? 
 
The punch card data base can be used to investigate this question using methods similar to de 
Libero (1982).  Returns of punch card harvest records can be divided into several groups 
sequentially arranged in time.  The first group consists of voluntary returns dropped in 
collection boxes, left at dealers, or mailed to WDF, while the remaining groups are returns from 
each of one to three reminder letters.  There is a consistent trend in the average harvest per 
record returned for these groups.  The average harvest is highest for the voluntary returns, 
which are the earliest received and represent from 10% to 35% of all in-sample cards, and the 
average harvest decreases with each additional group of returns from the reminder letters 
(Figure 10). 
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There is one final group of in-sample punch card holders, the non-respondents.  The true 
average harvest per punch card for all in-sample punch cards is: 

NR
is

NR
is

is

is h
N

n
h

N

n
h +=                                                   [31] 

where nis = number of in-sample returns, 
 ish  = average harvest per card for all returns, 

 nNR = number of non-respondents, and 
 NRh  = average harvest per card for non-respondents. 

 
A power model can be fit which relates the average harvest per card to the cumulative response 
rate: 

δα ii Gh =                                                                    [32] 

where ih  = average harvest per record for all response groups up to and including group i 
and 

 Gi = cumulative response rate for groups up to and including group i. 
 
This model can be used to predict the average harvest per card if the cards from the last group, 
the non-respondents, were available and the parameter α estimates the expected average harvest 
per record (h ) for a response rate of 100% (Gi = 1).  The parameter δ is a bias parameter and 

the relative bias at any response i less than 100%, (
h

hi ), is estimated by δ
iG . 

 
This model was fit to data from all years with at least three data points available, i.e., there were 
three or more response groups.  The appropriate data were not available for the years 1964 - 
1966, 1971, 1972, 1976, and 1979.  In 1967 and 1982 three reminder letters were sent; in 1976 
and 1979 only one reminder letter was sent; in all other years two letters were sent.  Analysis of 
covariance (ANACOVA) was used to test the null hypothesis that the bias parameter, δ, did not 
differ significantly among years, i.e., bias depended only on the response rate and was 
independent of the year. 
 
These analyses demonstrated that the punch card data base can be divided into at least two 
periods: (1) 1973 and earlier years; and (2) 1974 and later years (Table 13).  There are 
differences in the relationship between response rates and the average harvest per record for 
these two time periods (Figure 10).  Prior to 1974, response rates ranged from 62% to 81% and 
averaged 69% and, although average harvest per record decreased with each response group, 
this decrease was not as great as in the years after 1973 when the response rate ranged from 
46% to 66% and averaged 56% (Table 14).  After 1973, the bias parameter is significantly 
larger (δ = -0.41) than the bias parameter estimated for the period prior to 1974 (δ = -0.31).   
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Table 14. Estimates of biasa for the estimates of salmon harvest from the Salmon Punch Card 
System based on the theoretical non-response models, 1964 - 1990. 

 

Year 
Percent 

Response 
Harvest/      

Card 
Model  
Bias 

Study  
Bias 

1964 81.4% 1.49 1.07  

1965 69.0% 2.42 1.12  

1966 72.0% 1.93 1.11  

1967 73.5% 2.25 1.10  

1968 70.4% 1.92 1.11  

1969 65.1% 1.86 1.14  

1970 68.1% 1.88 1.13  

1971 68.4%  1.12  

1972 64.6%  1.15  

1973 61.8% 1.27 1.16  

1974 63.7% 2.35 1.20  

1975 57.3% 2.43 1.26  

1976 49.6% 2.71 1.33  

1977 56.8% 1.74 1.26  

1978 58.2% 1.91 1.25  

1979 45.7% 2.30 1.38  

1980 55.8% 1.97 1.26  

1981 46.4% 1.86 1.36  

1982 61.7% 1.89 1.21  

1983 58.2% 2.21 1.24  

1984 62.8% 1.85 1.20  

1985 54.2% 2.07 1.28  

1986 65.5% 2.34 1.18  

1987 59.2% 1.97 1.23 1.39 

1988 58.3% 1.80 1.24 1.38 

1989 48.0% 1.92 1.34 1.27 

1990 50.9% 1.91 1.31 1.23 
 

NOTE:  Three reminder letters were sent in 1966, 1967, and 1982.  One reminder letter was 
sent in 1976 and 1979. Two reminder letters were sent in all other years. 
a Model bias = Gδ where G represents the proportion of in-sample cards returned. 
 

harvest  sportadjusted Total

harvest  sportunadjusted Total
biasStudy =  
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Expected bias for any response rate can be estimated using these models.  For a 56% response 
rate (the average response rate for the years 1974 - 1990), the expected bias is 1.20 from the 
model using 1967 - 1973 data and 1.27 from the models using 1974 - 1990 data.  For a 69% 
response rate (the average response rate for the years 1964 - 1973), the expected bias is 1.12 
from the model using 1967 - 1973 data and 1.16 from the models using 1974 - 1990 data 
(Table 13). 
 
The estimates of bias from the study years (1987 - 1990) were similar to estimates from the 
theoretical bias models (Table 14).  The response rate for the study years averaged 54% and 
theoretical bias estimates ranged from 1.23 to 1.34.  Biases for the estimated total salmon 
harvest by the sport fishery in the marine waters of Puget Sound during the four years of the 
study ranged from 1.23 to 1.39. 
 
The bias adjustment of 1.2 applied to estimates of harvest from the Salmon Punch Card System 
for the years 1981 through 1986 was based on a similar theoretical bias analysis using data from 
1967 - 1980 (de Libero 1982); the estimated average bias from our analysis for these years is 
1.19 (Table 14).  However, the results of the ANACOVA show that expected bias for the years 
prior to 1974 is significantly less than that for the period 1974 - 1990. 
 
Although a simple comparison of the results of the power model and the results from the Sport 
Catch Estimation Study may suggest that harvests estimated prior to 1987 could be adjusted for 
bias using the study results combined with response rates, there are factors to consider in 
addition to response rates.  It is not possible to estimate the effect of recall error on harvest 
estimates from the power model.  Any bias from recall error depends on the size of the 
difference in average harvest between letters returned and the original punch cards and on the 
proportion of letter returns with respect to the total in-sample return.  The observed average 
number of salmon harvested per record returned is: 

LR
is

LR
CR

is

CR
is h

n

n
h

n

n
h +=                                                        [33] 

where nCR = number of in-sample card returns, 
 nLR = number of in-sample letter returns, 
 CRh  = average harvest per card returned, and 

 LRh  = average harvest per letter returned. 
 
If the average harvest for all letter returns is not the same as the average harvest for the original 
punch cards those letters represent, then the average number of salmon harvested per record 
returned will have an additional bias. 
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Recall error bias cannot be estimated using the power model or from any available data.  Data 
from duplicate returns of cards and letters4 from 1968, 1969, and 1970 (WDF, unpublished 
data) had a difference of +9% to +22% between average harvests recorded on punch cards and 
reminder letters.  The difference between the average number of salmon per record for duplicate 
returns from punch cards and letters in 1991 was +11%.  However, duplicate returns are not a 
random sample of all punch card holders and these differences are not necessarily representative 
of the degree of recall error.  For the study years, any bias due to recall error will be accounted 
for in the estimates of bias from the study. 
 
The theoretical bias model and the punch card data base do not allow differences in bias among 
catch areas and months because response rates by catch area are not available.  During the years 
of the study, bias for Area 05 was different from the bias estimated for the other Puget Sound 
catch areas.  Therefore, Area 05 was separated from Areas 06-13 when estimating bias.  The 
years 1987 through 1990 were consistent with previous years back to 1974 in that response rates 
were low (48%-59%, Table 4) and the percent letter returns high (45%-53%, Table 5), however, 
the contribution of Area 05 to the total salmon harvest by the marine sport fishery in Puget 
Sound was not consistent during this period.  The contribution of Area 05 to the total salmon 
harvest changed during the period 1974 - 1990 with a dramatic increase from 1984 to 1985 
(Table 15).  In 1984, the unadjusted punch card harvest estimate for Area 05 was 47,131 salmon 
or 12% of the total, but in 1985 it increased to 122,304 salmon and represented 28% of the total 
salmon harvest by the marine sport fishery in Puget Sound (Table 15).  Harvests in Area 05 and 
its relative contribution to the total harvest have remained high since 1985.  Therefore, if the 
absence of bias in Area 05 is even partially due to the high harvests in this area, the study results 
will not be applicable to years prior to 1985. 
 
This suggests that the two bias factors estimated from the study, one for Area 05 and one for 
Areas 6-13 combined, can be applied to harvest estimates for the years 1985 and 1986 based on 
three similarities to the study years: (1) low response rates by in-sample anglers; (2) high 
proportion of letter returns in the in-sample data; and (3) high contribution of Area 05 to the 
total salmon harvest by the sport fishery in Puget Sound.  For years prior to 1985, the 
distribution of harvests is different because harvests in Area 05 are not as large relative to the 
other Puget Sound catch areas (Table 15) and we cannot assume that the same differences 
among areas in bias seen during the study years were present. 
 
Years prior to 1985 were separated into two time periods for consideration based upon the 
results of the ANACOVA for theoretical punch card bias.  The estimates of theoretical bias 
from the power model for the years 1964 - 1973 ranged from 1.07 to 1.16 (Table 14) and 
averaged 1.12 (or, on average, harvest was over-estimated by about 12%).  During the second 
period, 1974 - 1984, the estimates of theoretical bias were substantially greater.  Bias estimates 
from the power model for this period ranged from 1.20 to 1.38 and averaged 1.27 (or, on 
average, harvest was over-estimated by about 27%).  Because of the small estimated bias due to  

                                                
4 Reminder letters are received by people who have returned their punch cards shortly after the initial reminder letter 
has been mailed.  Some of these people fill out and return the reminder letter (even though they have returned their 
punch card) thus providing two separate records of their harvests. 
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Table 15. Distribution of the estimated salmon harvesta by the marine sport fishery in Puget 

Sound, 1964 - 1990. 
 

Percent in      
Area 05 

Areas 06-13 
Harvest 

Area 05     
Harvest 

Year  

    26.3% 129,780   46,309 1964 

21.5% 196,112   53,620 1965 

15.6% 183,530   33,887 1966 

21.4% 203,976   55,401 1967 

30.3% 155,632   67,734 1968 

25.0% 227,591   75,902 1969 

16.4% 155,685   30,579 1970 

25.5% 210,435   71,947 1971 

17.2% 218,015   45,446 1972 

12.6% 231,123   33,347 1973 

11.9% 371,726   50,319 1974 

 9.0% 492,022   48,975 1975 

12.0% 469,869   63,966 1976 

18.3% 326,514   73,106 1977 

13.1% 395,012   59,400 1978 

21.8% 480,953 134,354 1979 

10.3% 337,554   38,587 1980 

15.1% 375,935   67,080 1981 

10.4% 692,959   81,133 1982 

12.8% 509,012   74,983 1983 

12.4% 332,146   47,131 1984 

28.2% 312,230 122,304 1985 

32.1% 352,738 166,741 1986 

40.8% 186,892 128,613 1987 

27.1% 290,047 107,935 1988 

31.6% 355,836 164,580 1989 

40.8% 323,216 223,012 1990 
 

a Unadjusted punch card estimate. 
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non-response for the earlier period, 1964 - 1973, we do not recommend any changes to the 
currently published estimates of salmon harvest for this period. 
 
There are three options for addressing bias in the harvest estimates during the period 1974 
through 1984.  The first is to use annual estimates of bias estimated from the power model and 
apply a theoretical bias adjustment that is dependent on the response rate.  The second is to 
extend the bias adjustment of 1.2 used from 1981 through 1986 back to 1974.  The third is to 
make no changes to the currently published estimates of salmon harvest.  If there are no 
changes, estimates for the years 1981 - 1984 would remain adjusted by 1.2 and there would be 
no bias adjustment to the estimates for the years 1974 through 1980.  None of these three 
options allows for differences in bias factors among the areas in Puget Sound or accounts for 
recall error and all three of these options in some way depend directly or indirectly on the power 
model analysis of the punch card data base. 
 
Although the punch card estimates of salmon harvest appear to be reasonably precise, the 
estimated variances (Table 6) are themselves biased estimates of mean squared error.  The 

appropriate measure of accuracy and precision of an estimator, Ĥ , is the mean squared error 
(MSE) defined as (Cochran 1977): 

( ) ( ) ( )2
ĤBiasĤVarianceĤMSE +=                                       [34] 

The reported estimates of variance represent only one component of the mean squared error 
and, if bias is large, the component of the MSE due to bias will overwhelm the variance 
component.  For example, in Area 06 in July of 1990 a total of 14,400 salmon were estimated to 
have been harvested from the punch cards with a per card estimate of standard deviation of 
1,028 and a CV of 7%.  The estimated harvest, after being adjusted by 1.46 is 9,863 salmon, 
giving an absolute bias of 4,537 salmon.  The estimated MSE is therefore: 

( ) .,,,,,EŜM 1536412153747840561 2 =+=  

The square root of the MSE is 4,652 which gives a CV of 47% for the estimate as the correct 
measure of the precision of the harvest estimate.  
 
Bias not only affects the accuracy of the estimate but substantially decreases the reliability of 
the estimate as represented by MSE.  On the basis of accuracy and precision, that is statistical 
reliability, no one of the three choices described previously presents any great advantage over 
the other.  Therefore, we recommend that the harvest estimates for the period 1974 - 1984 are 
left as currently published because this is the simplest option. 
 
In summary, we recommend that the two bias factors estimated during the study years, one 
for Area 05 and one for Areas 06-13 combined, be applied to harvest estimates for the years 
1985 through 1990.  We also recommended no bias adjustment to the estimates for the years 
1964 through 1980.  The estimates of salmon harvest for the years 1981 through 1984 should 
remain adjusted by 1.2 as currently published.  
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Recommendations for Estimating the Salmon Harvest in Future Years 
 
Does the Salmon Punch Card System have a continued role in estimating the salmon harvest by 
the marine sport fishery in Puget Sound?  The purpose of the SPCS is to provide a post-season 
estimate of the annual harvest of salmon by the sport fishery.  This estimate consists of the total 
harvest of salmon, by species, area, and month.  Estimates of total harvest of salmon are used in 
various post-season analyses including run reconstruction, run forecasting, models used in pre-
season analysis of management options, and allocation accounting.  The Salmon Punch Card 
System does not provide in-season estimates of harvest for management purposes, for this a 
creel survey of the fishery is necessary.  Creel surveys, however, are generally expensive and to 
use creel surveys to completely replace the SPCS would require surveys in 9 statistical areas 
during 12 months of the year for a total of 108 area-months surveyed annually.  In comparison, 
during the Sport Catch Estimation Study a total of 16 area-month cells were surveyed annually. 
 
Therefore, we recommend that the harvest of salmon by the sport fishery in the marine 
waters of Puget Sound continue to be estimated using the Salmon Punch Card System, given 
that certain improvements (discussed below) are made that will increase the reliability of the 
estimates. 
 
The size of the bias in the punch card estimate is directly related to the proportion of records 
never returned and the proportion of records returned as letters.  Reported estimates of precision 
only provide an estimate of the first component of the mean squared error, but the contribution 
of the bias will be large and dominate the mean squared error as long as the bias is large relative 
to the size of the harvest estimates. 
 
Independent estimates of bias such as those available from the study, or as estimated from a 
model such as the power model, can only be regarded as “bandages” to cover the real problem 
with the Salmon Punch Card System, non-response.  The changes in response rate, proportion 
of letter returns, and distribution of harvest over areas during the period 1964 - 1990 have been 
considerable (Tables 4, 5, and 15), and it is evident that any bias estimated for 1987 - 1990 
cannot be applied to years much earlier than 1985.  Since angler behavior, fishery dynamics, 
and stock strengths are not constant, it is questionable that bias estimates made for 1987 - 1990 
can be applied indefinitely into the future.  In the near future, assuming that patterns in response 
rates and distribution of harvests among areas remain the same, the study results may be used.  
But a bias adjustment factor of 1.46 for Areas 06-13 introduces the problem of the reliability of 
the estimate (MSE) and this problem will remain as long as the bias remains high relative to the 
estimate. 
 
If non-response remains high, creel survey estimates of bias will be necessary on a periodic 
basis to detect any changes in bias factors from those being used.  Creel survey estimates 
depend on several assumptions and sampling error alone can produce highly variable estimates 
of bias.  Although creel survey estimates can provide estimates of bias, the mean squared error 
will still increase by a factor related to the bias when applied to area-month cells not actually 
sampled.  No method of bias adjustment will be satisfactory when there are high levels of bias. 
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If 100% of the in-sample punch cards were returned, and all responses were original punch 
cards, then unbiased, as well as precise, estimates of the annual salmon harvest by the sport 
fishery would be obtained from the Salmon Punch Card System (assuming all other 
assumptions necessary for the estimates from the SPCS are met).  Reliable estimates of harvest 
would still be achieved even with low levels of non-response.  At response rates similar to the 
first 10 years of the SPCS, practical measures would become possible to reliably estimate the 
characteristics of the remaining non-respondents.  Even with no additional efforts, at that level 
of response the bias would be decreased considerably compared to that currently being realized. 
 
The Salmon Punch Card System is basically a voluntary creel survey and it is totally dependent 
on public cooperation.  Anglers are required by law to record their salmon harvest and to return 
their harvest records.  The source of the problems identified with the estimates from the SPCS is 
directly due to non-compliance on the part of anglers.  As long as non-response remains high 
the estimates of harvest from the SPCS will be questioned.  To decrease bias, improve the 
reliability of the estimates, and gain a credible sport harvest data base, compliance must be 
improved; non-response and letter returns must be decreased.  Angler behavior must be 
influenced and changed so that anglers return their harvest records as required by law. 
 
The Sport Catch Estimation Study was only one part of a three-part study proposed in 1985 
(Reidinger 1985).  The objective of the study was to provide independent estimates of salmon 
harvest for two purposes, first to verify that there was a bias in the estimates of salmon harvest 
by the SPCS and, secondly, to estimate this bias.  The second part of the study proposal was to 
investigate the error structure of the punch card sampling system, using both standard per card 
variance estimation and jackknife or bootstrap methods.  Both of these segments are completed 
and documented in this report. 
 
The third part of the study proposal was to conduct angler surveys in order to: (1) assess the 
reasons for non-response and (2) to evaluate attitudes towards several solutions proposed for 
increasing response rates to the SPCS.  Although a pilot angler survey was carried out, where 
147 non-responding anglers were selected to be surveyed, this part of the study was never 
completed.  The non-response problem has not been directly addressed at all during the last nine 
years, and non-response has increased during this period. 
 
Non-response must be addressed if the Salmon Punch Card System is to continue to be used 
to estimate the number of salmon harvested by the sport fishery in Puget Sound.  Since the 
current method of dealing with non-response and bias is to assume that there is no difference 
among areas, months, or species in the distribution of non-respondents, any differences that do 
exist only compound the basic problem of bias due to non-response.  We cannot measure 
differences among species, and differences among areas or months can only be measured using 
a creel survey, and these differences can only be detected when they are gross and persistent.  If 
response rates were higher these problems would become irrelevant.  The closer the response 
rate is to 100%, the closer the in-sample cards come to being a true random sample of all punch 
cards issued. 
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Therefore, we recommend that for 1991 and 1992 the study results be applied assuming there 
have been no large changes in the fishery.  Secondly, the problem of non-response and letter 
returns must be addressed with the objective of achieving a minimum 70% response rate.  
Without this improvement, future estimates of salmon harvest from punch cards will 
continue to be seriously compromised. 
 
We selected 70% as a target minimum response rate because response rates averaged 69% prior 
to 1975 and exceeded 70% in several of the early years of the SPCS so we feel that 70% is a 
realistic and achievable goal.  We project that with a 70% minimum response rate and 
supplementary surveys, the Salmon Punch Card System would supply harvest estimates with 
10% or less bias.  Once this goal has been reached and verified, neither bias adjustment to the 
harvest estimates nor creel surveys for estimating bias would be necessary.  To achieve this goal 
the following improvements and changes to the Salmon Punch Card System are recommended: 
 

1. Increase public information and education efforts to increase public awareness and 
understanding of the SPCS. 

2. Investigate the feasibility of an incentive program to improve angler compliance in 
returning original punch cards. 

3. Institute changes in the data control system necessary for increasing card returns over 
letter returns and increasing response rates. 

4. When response rates are improved to near 70% or better, investigate the feasibility of 
using telephone surveys to estimate average harvest per card for non-respondents and to 
estimate recall error for letter returns. 

 
The goal of these recommendations is to improve the punch card estimates of salmon harvest 
such that bias correction is no longer required.  Until this is achieved, periodic surveys to 
estimate harvest independently of the Salmon Punch Card System will be required in the 
short term to monitor bias and, in the long term, to evaluate the success of the improved 
system. 
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SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 
 
 

1. Area-month cells where either the creel survey or punch card estimate of salmon 
harvest was less than 500 fish did not provide estimates of punch card bias of 
adequate precision to be useful and these cells should be excluded from the data used 
to estimate relative punch card bias.   

2. The ratio-of-means method should be used to estimate punch card bias because it 
gives less weight to sampled area-month cells with smaller harvests which are 
generally the sample cells with the largest relative variances.   

3. All four years of data (1987 - 1990) should be used to estimate punch card bias and 
bias should be estimated separately for Area 05 and Areas 06-13 combined.  

4. The final estimates of punch card bias are 0.99 (95% confidence interval: 0.62 - 1.35) 
for Area 05 and 1.46 (95% confidence interval: 0.89 - 2.03) for Areas 06-13 
combined. 

5. The two bias factors from the study should be applied to the punch card estimates for 
the years 1985 through 1990.  There should be no bias adjustment to the punch card 
estimates for the years 1964 through 1980.  The estimates for the years 1981 through 
1984 should remain adjusted by 1.2 as currently published.  For 1991 and 1992, the 
study results can be applied assuming that the contribution of the Area 05 harvest to 
the fishery remains high. 

6. The marine harvest of salmon by the sport fishery in Puget Sound should continue to 
be estimated using the Salmon Punch Card System, given that certain improvements 
are made that will increase the reliability of the punch card estimates. 

7. The problems of non-response and letter returns (recall bias) inherent in the Salmon 
Punch Card System must be addressed with the objective of achieving a minimum 
70% response rate.  Without this improvement, future estimates of salmon harvest 
from punch cards will continue to be seriously compromised. 

8. Periodic surveys to estimate harvest independently of the Salmon Punch Card System 
will be required in the short term to monitor bias and, in the long term, to evaluate the 
success of the improved Salmon Punch Card System. 

9. There should be an annual technical report documenting the estimates from the 
Salmon Punch Card System that includes: sample statistics, data used to estimate age 
and species composition, harvest estimates, by species, and their variances for all 
reporting strata. 
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